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ABSTRACT

The results of hydrodynamic model tests of a series of four hulls
suitable for an LVA planing-hull concept are presented and analyzed. The
performance, seakeeping and habitability characteristics are discussed,
together with the effects of fitting bow flaps, chine flaps and transom
flaps. The transom flap is shown to be an efficient method of trim control.
Satisfactory performance is obtained without the use of chine flaps and

the impact accelerations are well below the habitability criterion.

KEYWORDS

Planing
Seakeeping
Habitability
Amphibious Craft
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INTRODUCT I ON

One of the candidate design concepts for the LVA craft is a hard
chine, low deadrise, planing hull. Due to the dimensional constraints on ' |
the craft and the loadings associated with its mission the craft is more
heavily loaded than conventional planing hulls, Preliminary model tests ‘
of two LVA planing hulls demonstrated the potential for meeting the design
objectives.] On the basis of these results it was appropriate to expiore
other design options with the objectives of further reducing the drag in |

waves and improving the rough water habitability,

Together with the two designs already tested a total of four hull
designs were investigated, Variations in hull form included inverted
vee-bottom, flat bottom, lowered bow profile and lowered bow profile with

deadrise. These hull forms were tested with a variety of appendages

including bow flaps, chine flaps and transom flaps. The overall hull

dimensions and displacement were the same for all configurations.

A development type test program was used to select the most promis-
ing configurations which were then evaluated in some depth. The objective :
of the program was to identify those configurations having either improved
rough water performance or improved rough water habitability and to
determine their hydrodynémic characteristics. These characteristics include
EHP requirements in calm wate- and waves and statistics of the loads and
motions in waves, including 1/3-octave rms acceleration analysis. These
results are intended to provide fundamental data on the hydrodynamic per-
formance of highly loaded planing hulls in rough water which may be applied
in the LVA design process to evaluate options and select the optimum

configuration.

This study is in support of a devclopment program initiated by
Code 03221 of the Naval Sea Systems Command. Technical monitoring was pro-
vided by the LVA 0ffice, David Taylor Naval Ship Research and Development :
Center (DTNSRDC).

i6
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MODELS

The four 1/12-scale models were constructed of polyurethane foam,
reinforced with fiberglass sheet and covered with glass cloth and resin, i

All mc iels were 28 ft overall length, 11,0 ft beam and 7 ft deep. S|

(Throughout this report all quantities are expressed in terms of corres- ‘
ponding full-size values.) The following hull forms were investigated: » !
Model

Designation DEScigiplien:

P-1 An inverted vee-bottom hull configured by DTNSRDC.
S=-1 A flat-bottom hull otherwise identical to P-1, :
5-3 A flat-bottom hull similar to S-1 but with a f

lowered bow profile.

$=5 A flat-bottom hull having the same keel profile

as S-3 but incorporating deadrise in the becw

region for 25% of the overall length aft of the
forward perpendicular: the maximum deadrise at
the FP was 20 degrees decreasing to zero at a
point 25% LOA aft of FP.

The hull profiles and sections are shown on Figure 1.
Various appendages were fitted to these medels including:

Bow Flap L,7 ft chord by 11,5 ft span, 34 degree ancle of
attack, fitted to Model $-3 only, attached to
keel at FP.

Chine Flaps 19.6 ft chord by 3 ft span, trailing edge 2.4 ft
forward of AP, fitted to Models P-1 and S-1,
® 15 ft chord by 3.5 ft span, trailing edge 6 ft
forward of AP, fitted to Models $-3 and $-5,
© L5 degree deadrise flap fitted to Model $-5.
® L ft and 8 f- chord by 6 ft span, leading edge
23.4 ft forward of AP, fitted to Model S-5 only.

e
_ i gl
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Transom Flaps 3 ft chord by 11,0 ft span fitted to Model S-1 only,
_ o 3 ft chord by 6.5 ft span fitted to all models.
1z © 6 ft and S ft chord by 6.5 ft span fitted to Model $-5

é l_ : only. Leading edge of all flaps 2.4 ft forward of AP. '

The appendages are shown on Figure 2,

! E’ The part-span transom flaps were adjustable in 2.5 degree increments . '
from -2.5 degrees (upward deflection) to +15 degrees (downward deflection).
; g» In the case of the horizontal chine flaps fitted to Model $-3, the aft 3 ft
L 1

of each flap was hinged and could be adjusted to a maximum downward angle

o’ 15 degrees.

% i: The bottoms of the models were scribed with a 1 inch grid for the

purpose of estimating wetted lengths from underwater photographs,

sy
— ¥

The model was towed through a pitch pivot located at the nominal
center of gravity: LCG 12.5 ft forward of transom (AP) and VCG 3.5 ft

 suson

above baseline, Ballast weights were located in the model for adjusting

the LCC and pitch radius of gyration which was set at 7.0 ft. Acceler-

ometers were mounted in the model at bow, LLG and stern located 24 ft, ;

Py

12.5 ft and 4 ft respectively forward of the transom,

Leading particulars of the models are summarized in Table 1,

et e

é APPARATUS AND INSTRUMENTATION

[ )
P

; The model tests were carried out in Davidson Laboratory's Tank 3

test facility, The test set-up and model $S-5 are shown in Figure 3, This

Ponmm——
[ e —

setup allows the model freedom in pitch and heave, with restraint in yaw,

roll and swav, Test instrumentation included a 50 1b capacity drag balance,

heave and piich transducers to measure the motions at and about the pitch

axis, locat-d at the model LCG, and bow, CG, and stern accelerometers,

T
[ S

G
| ez |

in rough water, a wave strut attached to the towing carriage was mounted

te record the wave profile,

The signals from the transducers were relayed by cverhead cables

to th: data station on shore where they were filtered (40 Hz low pass),
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recorded on magnetic tape and processed by an on-line PDP-8e computer,
which includes an analog-to-digital converter. The required model results
were printed on a teletype and also stored on digital magnetic tape. All
data channels were monitored on an oscillograph, A camera carriage,
mounted ahead of the main carriage, included a black and white television
camera which was used to observe the model tests on a shore based TV
monitor, A video-tape recording was also made of each run, Underwater
pictures were taken of most smooth water tests to determine the model

wetted lengths and areas.

For the rough water tests the Tank 3 plunger type wave maker was
used to make both regular and irregular waves. The irregular waves gen-
erated consist of a reproducible set of 100 waves having a variance density
approximating the Pierson-Moskowitz spectrum, The spectrum used in these
tests had a significant height of 2,2 ft and is compared with the Pierson-

Moskowitz spectrum on Figure 4,

DATA PROCESSING

The instrumentation was calibrated by applying known displacements
to the motion transducers and wave strut, known loads to the drag balance,
and gravity multiples to the accelerometers., All caiibrations were recorded
on analog magnetic ‘tape and processed by the on-line computer. All cali-
brations were linear and a ""least-squares' technique was used to determine

the calibration rates, which were spot-checked daily.

Test results were computed from the differences between the trans-
ducer outputs in the zero and running conditions. Drag zeros were taken
with the model floating on the water in calm conuitions, twice a day, and
stored in the computer; the floating drag zero was monitored for stability
between each run. All other zeros were taken with the model in the air
at zero trim and known elevation above the water surface. After the model
was up to speed data was collected over a 140 ft section of the tank,
During data zollection all channels of information were scanned at a rate

of 250 Hz and the results stored in the computer for appropriate processing.
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In the case of calm water tests mean values of drag, trim and
draft were computed. The draft is defined as the immersion, relative to
calm water, of the point formed by the intersection of the aft perpendicu-
lar (transom) with the base line. The velocity was computed from the time

taken to travel through the 140 ft data-collection section,

For the tests in regular waves the mean drag was computed and a
harmonic analysis was carried out for the heave, pitch and acceleration
channels. The harmonic analysis performed on the regular wave time his-

tories is a least squares fit of each data channel using the equation

y(t) = Y, + T rncos[nWt-(wn-nwe’,)], 0< (¢n-n¢e’]) < on

n
where
y(t) = fitted time history to data channel
y = mean value

n = 1/2, 1,2,3 frequency multiples

r = amplitude of each frequency component

w = fundamental frequency of encounter

o = phase angle relative to the time at which digitizing began

wa )= phase angle associated with the pitch fundamental frequency
?

The fundamental frequency of encounter was obtained in the PDP-8e
computer ty noting sequential up-or-down zero crossings of the moving wave
strut. The frequency components at one-half, one, two and three times the
fundamental were then computed and used in the fitting equation above.

A time shift wes then introduced so as to make the phase lag in the pitch
fundamental equal to zero, Thus, the phase angles on all channels are

relative to this particular frequency component,

For the irregular wave tests the velocity and mean drag were computed

and a peak-trough analysis performed for the heave, pitch and acceleration
channels, The peak-trough analysis computes for each signal the mean, rms,
and statistics of the peaks and troughs (msxima and minima), i.e. the 1/3
and 1/10 highest, In the statistical analysis spurious oscillations are

suppressed by means of '"buffers." (Buffers are selected so as to prevent

the detection of substantial maxima and minima in corresponding steady-state
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calm water runs, A substantial maximum (minimum) is defined as any maximum
(minimum) succeeded by a decrease (increase) in signal level at least equal
to the magnitude of the stipulated buffer size.) Typical buffers employed
in these tests were 1.0 degree pitch, 0.2 inch heave, 0.1 g acceleration,
and 0.2 inch wave, In addition, for selected runs, spectral analyses of
the vertical accelerations at the C.G. were performed and converted to

1/3-octave rms format for comparison with the habitability criteria.

The wetted areas of the models were measured from underwater photo-
graphs after the tests. Because of the small or zero deadrise of the 2
models an average value of the wetted length across the beam of the model
was determined. This average value defines the position of the leading
edge of the wetted area. This position is reported relative to the transom

and is referred to as the mean wetted length (MWL),

TEST PROGRAM AND TECHNIQUE

The test program was conducted in three phases and it is convenient

to discuss each phase se.arately.

Phase 1 Tests

These tests were cencerned with calm water tests of Models P-1 and
S=1 both with and without chine flaps, and rough water tests of Model P-1
with and without chine flaps and S-1 with chine flaps. The results of

these preliminary tests have been reported previously.]

The test technique employed in <alm water provided for unloading
the model to simulate the effect of the vertical component of .he thrust
due to trim, and for applying pitching moments to simulate the thrust moment.
In the rough water tests thrust unloading was not simulated and all tests
were made at a displacement of 55,000 lb., In this exploratory phase of

rough water testing only one pass dowr. the tank was made at each condition

resulting in approximately 30 wave encounters out of the 100 available,




AT N SIS v Yy

et

* iy

R-1880

Phase 2 Tests

This test phase was concerned with comparative calm water and
rough water tests of Model P-1 and S-1 without chine flaps, of Model S$-3

with and without chine flaps and with bow flap extended and retracted.

In these tests, in order to properly identify the added resistance
in waves, thrust unloading was not simulated and all models were tested
at a displacement of 55,000 1b. Furthermore in the wave tests repeat runs
were made at each condition, starting at a different point in the irregu-

lar wave train, to obtain a total of approximately 90 wave encounters,
Phase 3 Tests

In the third phase of testing Model $-5 was tested in calm water
and waves with a variety of appendages to provide the basis for selecting

the optimum configuration for the chine flap and transom flap.

The test program was set-up to identify the most promising config~
uration of Model S$-5 in irregular waves, the primary criteria being the
hump drag at 15 knots and the CG ar:elerations at 30 knots., The most
suitable configuration would then be selected, with the advice of the

LVA Office, DTNSRDC, for calm water evaluation.

With these objectives in mind the test procedure in waves provided
for all testing at one displacement of 55,000 1b and one pass at each
condition. Comparison of the Phase | and Phase 2 tests showed that
increasing the number of wave encounters had negligible effect on both
the added resistance in waves and on the rms accelerations. In the calm
water tests, instead of simulated thrust unloading, displacements of
55,000 1b, 49,70/ 1b and 44,400 b were tested. This technique is more
time consuming than simulated thrust unloading but the data may then be
used to account for the effect of arbitrary shaft angle, in addition a
basis is provided for a limited extrapolation to greater design gross
weights than 55,000 1b.
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TEST PROCEDURE

All tests were made with the model free to trim and heave, and
restrained in roll, yaw and sway. Calm water and rough water tests were
made at constant speed, It has been shown2 that constant speed rough
water tests of planing hulis provide results identical to those obtained

free-to-surge at constant thrust,

The bulk of the tests were run with the model ballasted to represent
55,000 1b, LCG 12,5 ft, VCG 3.5 ft and nitch radius of gyration equal to
7 ft. Test speeds of 10, 15, 20, 25, 30 and 35 knots were used, with the
eriphasis on the hump speed of 15 knots and the required speed of 30 knots

in irregular head seas having significant height 2.2 ft,

For each configuration tested the chir¥ parameter was the deflection
of the transom flap. Repeat runs at the same condition with different flap
settings, in both calm water and waves, resulted in curves f resistance and
rms acceleration as functions of trim from which optima could be picked off.
Additionally some runs were made at LCG's of 10,5 ft and 13.5 ft, in these
cases the pitch pivot was moved to the rew LCG and the model re-ballasted
so as to properly simulate a CG shift in rough water. Calm water tests of
Model S$-5 were aisu made with various applied moments in order to define

the variation of hydrodynamic pitch moment with trim,

For the tests in irregular waves & Pierson-Moskowitz spectrum having
a significant height of 2.2 ft was used throughout the program. Regular
wave tests were made with Model $-5 at speeds of 15, 20, 25 and 30 knots,
Three regular wave trains were used: 1.& ft high by 33 ft long, 1.8 ft
high by 110 ft long and 3.6 ft high by 110 ft long.

Color motion pictures were taken of celected conditions in Phase 2,
An edited movie sequence is presented in Table 2, Full-scale time is simu-
lated when this movie is projected at 16 frames per second. Video tape

records were made of all runs,

ey i 27 ! et ARy,
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RESULTS -

It is desirable that the results of th.s series of development

tests of the LVA planing hull be presented in a comparative form so as to
clearly identify the design options available., Toward the end of the third
phase of testing it appeared that Model S=-5, without chine flaps and with

a part-span 6 ft transom flap, was the favored candidate design and was
therefore more extensively tested than other configurations. Consequently
S-5 is made the basis of comparison and the performance of other configura-
tions is given relative to §S-5, with the emphasis on performance in waves

having a significant height of 2.2 ft.
Performance Results

The resistance of Model S-5, without chine flaps, for an LCG of
12.5 ft and trimmed by the transom flap, in both calm water and waves has
been expanded to full-scale and is presented in Tables 3, 4, 5 and 6 for
speeds of 15, 20, 25 and 30 knots. The method of expansion is described

in Appendix A where the raw model data is also presented.

The full-scale bare-hull S-5 resistance data is tabulated in terms
of the displacement (or load-on-water) and trim, :in order to allow perform=-
ance prediction at any shaft angle. The forces acting on the hull are

illustrated in the following sketch:
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Vector Diagram of Forces on Planing Hull

For vertical and horizontal equilibrium

A=W-Tsin(t+6) (1)

R =T cos(7+8) (2)
1 and eliminating the thrust from Equations (1) and (2):
A=W - R tan(1+8) (3)

To find the resistance for a given speed (Tables 3 to 6), the

constant-trim resistance contours are plotted as a function of load-on-water,

X A. For a given displacement, W, and shaft angle, 6, the constant-trim
load contours given by Equation (3) are superimposed and the resistance
read off at the equilibrium points of intersection. This process is illus-
trated on Figure 5, using the data in Table 6, to find the resistance of

. ' the S-5 configuration at 30 knots in 2.2 ft significant height-waves, for

a displacement of 55,000 Ib and with a shaft angle of 15 degrees. |In the

lower part of the figure the equiliurium resistance is plotted as a

function of trim to show the minimum resistance and optimum trim angle,

10
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Hence the EHP may be found from the product of the bare hull resistance
and speed (in feet per second) divided by 550. Estimates of the shaft
horsepower are dependent upon appendage drag, propeller characteristics
and machinery which, with one exception, have nct been considered in this

study,

This procedure is applied in the Discussion Section of this report
to illustrate the comparative performance of the different hull designs,
for a given displacement and shaft angle, and to show the effect of dis-

placement and shaft angle on a given design.

In the procedure described, the baiance of moments is not taken into
account, Considering operation at the optimum trim of 7 degrees shown on
the lower part of Figure 5 it is probable that the thrust vector will apply
a bow-up moment to the craft tending to drive the trim away from optimum,
In order to restore the craft to optimum trim it will be necessary to
increase the deflection of the transom flap, and indeed it is the moment
equilibrium which determines the flap setting for optimum trim. This change
in flap setting t¢ restore the craft to optimum trim will not affect the
performance of the craft. To demonstrate this point the relative effects
on performance of flap deflection and applied moment, e.g., CG shift, must
be considered. These effects are illustrated on Figure 17, At the top of
the figure it can be seen that the optimum trim with flap deflection is
6 degrees. Suppose that the craft is operating at this point with zero
applied moment. When the bow-up thrust moment is applied, the drag will
move along the '"Flap Deflection' curve in the direction of increasing trim,
Increasing the flap deflection, to operate at optimum trim with thrust
moment, will cause the drag to decrease along this curve to the same mini-
mum drag., The flap-deflected drag is lower because of the reduced wetted
area due to flap 1ift, and balancing the thrust moment by increased flap
deflection will reinforce this effect, The equilibrium flap deflection
may be found from the data in Table AL, for a specific shaft angle and

location as illustrated later,

The increment in total rough water resistance, relative to S-5,
for the various configurations is presented in Tables 7 and 8. The deri-

vation of these results is discussed in the Appencix. It is appropriate

1
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to tabulate the rough water increment since performance in rough water is
one of the major criteria. Due to the exploratory nature of the tests it «
is in any event not generally possible to document the calm water incre-

ments: for example the calm water drag of Model S-5 with horizontal chine

flaps has not been measured at this time,

To illustraté the use of Tables 7 and 8 suppose that the resistance
of Model $-3 is required at 55,000 1b, a speed of 30 knots and at trim of
7 degrees, From Table 6 the resistance of $=5 at this condition is 11,010 1b
and from Table 8 the increment for $-3, without chine flaps is 1190 1b.
Thus the resistance of $-3, without chine flaps in 2.2 ft significant waves,

at 55,000 1b load on water, 30 knots and 7 degrees trim is 12,200 1b,

teakeeping Results

The results of the tests in irregular waves, in terms of full-scale
values are given in Tables 9 to 13, For each configuration the results
are ordered by velocity and flap deflection, and the number of wave
encounters is noted, Statistics are given for the various data channels
including: pitch, heave, bow acceleration, CG acceleration and stern
acceleration. For each channel the statistics of the response are given
in the following order: the signal mean and rms, the number of oscilla-
tions, the average of peaks and the troughs, (averages of maxima and

minime), and the averages of the 1/3 highest peaks and troughs.

Values of the 1/10 highest peaks and troughs are not reported
because the confidence bounds on these statistics are, in general, too

brcad due to the relatively small number of wave encounters,

The regular wave test results for Model S-5 are presented in
Table 14, again in terms of full scale values. The speed; wave length,
height and period; mean model drag, and number of wave encounters are
noted. For the wave, pitch, heave, bow acceleration, CG acceleration and
stern acceleration, the amplitude of the signal at one-half, one, two and
three times the fundamental frequency is given together with the phase

angles relative to the fundamental pitch response,

12
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DISCUSSION

Performance and Seakeeping Characteristics of $=5 Configuration

Performance

The performance characteristics of the $-5 configuration without |
chine flaps, at 55,000 1b displacement with an LCG of 12,5 ft, are shown
on Figure 6. The resistance in calm water and waves, 2,2 ft significant
height, is shown together with the trim and transom draft. These results
were obtained with the shaft-line assumed to be parallel to the keel and

are tabulated below, the mean trims and drafts are the same in calm water

and waves,
S-5 PERFORMANCE AT 55,000 1b, i
l
SPEED TRIM RES1STANCE TRANSOM LOAD ON '
CALM WAVES DRAFT WATER IN WAVES |
knots degrees b, 1b. it 1b.
|
0 0.8 . - 3.5 55,000 |
10 2.5 7,000 7,000 4.7 54, 700
15 15.0 18,300 18,300 5.9 50,100
20 13.0 13,550 14,480 3.9 51,700 ‘
25 10.0 10, 760 12,110 2.5 52,900
30 7.0 8,700 10,790 1.8 53,7¢C0

The trims are the optima for this configuration with a 6 ft chord
transom flap, (6.5 ft flap span). Increasing the chord of this flap
from 3 ft to 6 ft reduced the drag but a further increase to 9 f. caused
increased hump resistance due to the stern wave collapsing on the aft part

of the flap.

To find the corresponding flap deflection at each trim it i~ .
necessary to balance the moments, Assuming the parallel shaft is 3.5 ft Z
below the keel and with a VCG of 3.5 ft, at 15 knots there will be a
bow-up moment of 132,600 ft-lb, From the model data presented in the :
Appendix, at 15 knots and 50,100 1b displacement (7.3 fps and 28 1b model

scale) the pitch stiffness is 16,230 ft-1b/degree for zero flap deflection.

13
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Hence the applied thrust moment would ircrease the trim 8.2 degrees,
Correspondingly frcm the data taken at zero moment, the flep stiffress

is -1.5 degrees/degree of trim, heace an increase in flap deflection of
12.3 degrees is required to offsec the trim increase due to thrust moment.
The data taken with zero moment shows that to run at 15 degrees trim a
flap deflection of =5.6 degrees would be needed. Thus the equilibrium
flap setting at 15 knots is 12,3 - 5.6 = 4,7 degrees for the assumed
shaft angle and location,

Similarly at 30 knots a flap angle of 6.0 degrees is predicted.
Evidently the flap setting, und other performance characteristics, depend
on the assumed position of the propeller shaft, This is especially
important in the case of highly loaded planing hulls which develop unusu-
ally large hump trim ancles. |t is desirable that the model data be
collected over a sufficient parametric range in order to maintain flexi-

bility in the design prccess,

Seakeeping

The seakeeping ¢/ zracteristics may be discussed in terms of the
rms values of the motions and accelerAations, for it can be shown from
the data that the significant double amplitude (or significant height) is
equal to 4 times the rms value within 5 percent. This suggests that the
accelerations and motions are Rayleigh distributed. Moreover, at all
speeds, the bow rms acceleration (11.5 ft forward of the LCG) is twice
the CG rms acceleration and the stern rms acceleration (8.5 ft aft of the
LCG) is 75 percent of the CG value.

For the $-5 configuration, without chine flaps, at 55,000 Ib dis-
placement in waves of 2.2 ft significant height, the rms values of the
heave and pitch motions and the CG acceleration are shown on Figures 7,

8 and 9. It is evident that the motions and accelerations increase with
speed and that the seakeeping characteristics deteriorate with increasing
trim, especially at the higher speeds. It is generally possible to improve
seakeeping at the expense of performance by running at less than optimum

trim and this option may be considered as part of the design process.

14
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The seakeeping characteristics as a function of speed are shown

on Figure 10, for the optimum trim at each speed as given on Figure 6.

Habitability

The habitability characteristics of the S-5 configuration, without
chine flaps, at 55,000 lb displacement in irregular waves having a signif-
icant height of 2.2 ft is shown on Figure 11 for speeds of 15, 20, 25 and
30 knots., The data is presented in the 1SC format and includes the 1S0
""fatigue-decreased proficiency'' (FDP) acceleration limit for a one hour

exposure time,

It is evident that the 30 knot habitability is most severe, although
comfortably below the 1S0 one hour limit: the 150 boundary is not defined
below | Hz. At 30 knots the peak rms occurs in the 1/3-octave having a
center frequency of 0.8 Hz. The wave spectrum has its peak energy at a
frequency of 0.25 Hz, Figure 4, and at 30 knots this corresponds to an

encounter frequency of 0.87 Hz.

From the habitability cata for the S-5 shown in Figure 11, and from
the data for the other configurations, a simple relationship was found
between the maximum 1/3-cctave rms and the total rms CG acceleration.

As shown cn Figure 12, the peak value of the habitability curve is equal

to half the value of the total rms acceleration,

Thus a table can be drawn up which relates the various statistical

acceleration parameters to the rms CG acceleration by the factor shown:

Parameter Factor
Maximum 1/3-octave rms 0.5

Significant double amplitude k.o
1/10 highest double amplitude 5.0
Bow rms acceleration 2.0

Stern rms acceleration 0.75

It follows, for instance, that the peak of the habitability curve
is equal to the significant double amplitude acceleration divided by 8.
This peak occurs at an encounter frequency corresponding to the peak in

the wave spectrum, These simple relations suggest that during the

15
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5
development stage of a planing LVA it is sufficient to measure only the '
rms CG acceleration to characterize the habitability of the craft, how- e

ever all parameters should be measured for the final design,

The relationships with the rms CG acceleration have only been
demonstrated for the heavily loaded, zero deadrise type of craft con-
sidered in this study. They should not be taken to apply to other planing

craft without further research,

Effect of Hull Form on Performance and Seakeeping

Performance

The comparative rough water performance of the P-}, S-1, S-3 and
S-5 configurations is shown on Figure 13 in the form of EHP curves from
15 to 30 knots, |In each case the displacement is 55,000 b, the propeller
shaft is assumed parallel! to the keel and the significant wave height is
2.2 ft,

In chronological order of development, modifying the inverted-vee
form of the P-1 to the flat-bottomed S-1, reduces the hump drag 18 per-
cent at 15 knots with a small drag penalty at 30 knots., Lowering the bow
profile of S-1 to get the S-3 configuration effectively rotates the force
vector at the bow away from the horizontal and toward the vertical. This
results in lowered drag at 30 knots and correspondingly some increase in
vertical acceleration, The drag at the hump speed of 15 knots increases
due to the more bluff bow entry presented by the lowered profile, Finally,
adding deadrise to the S-3 over the forward 25 percent of the length yields
the S-5 configuration. The eased entry into waves thereby obtained results
in a hull form having the least drag of those tested to this point in

development.,

The heave and pitch motions of the four hull designs, at a dis-
placement of 55,000 b, are compared on Figures 14 and 15, The inverted-
vee hull, P-1, is the most lively of the designs studied, being signifi-

cantly more responsive to waves above speeds of 20 knots, A general

16
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improvement in seakeeping has been achieved in the course of development;
both the heave and pitch motions have been reduced L0% at 30 knots in

progressing from the P-1 to the $-5 configuration,

Habitability

Since the most severe accelerations are encountered at 30 knots
it is appropriate to compare the C.G. accelerations for the four hulls at
this maximum speed, in the IS0 form of habitability charts. This com-

parison is presented on Figure 16,

The S-3 configuration has the largest peak 1/3-octave rms accel-

eration and the S-1 the smallest, The peak values are tabulated below:

Configuration Peak 1/3-octave Peak Acceleration Half-power
RMS ncceleration Relative Bandwidth

g units to S-5 Hz

P-I .]h3 ]08 c‘+6

S-1 127 95 .65

$-3 47 111 .61

S=-5 133 100 .55

This table shows that there is relatively little difference between
the peak accelerations, all the data being within 16%. There is rather
more variability in the width of the response., In particular Configuration
P-1 exhibits more responsz at low frequency which could be a problem rela-
tive to motion sickness, At a frequency of | Hz all the designs are better
than 40% below the IS0 1 hour FDP boundary.

Effects of Appendages

Transom Flaps

It can be shownh that it is generally better, in the sensa of pro-
ducing higher L/D ratios, to use as large a flap as possible and to
minimize the deflection, within the constraint of leaving sufficient
deflection range for control purposes. A brief series of experimants

with the S-5 configuration at hump speed showed drag benefits resulted
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from increasing the flap chord from 3 ft to 6 ft, however further increase

to 9 ft caused a drag penalty due to the stern wave collapsing on the flap.

Transom flaps are the most efficient means for trimming a planing
hull, Since increasing the flap deflection causes the craft to trim down,
and because the seakeeping characteristics improve as the trim decreases

(Figures 7, 8 and 9), it follows that the seakeeping characteristics may

be significantly improved by transom flap deflection as previcusly reported.]

A similar decrease in trim, however, could be achieved by a forward shift
of the CG, assuming that the designer has sufficient disposable load, which
is not always the case. Disregarding this consideration, it is not immed-
iately obvious that trimming the craft with transom flaps is more efficient
than shifting the CG.

The reason for the efficiency of the transom flap as a means of
trim control, relative to CG shift, lies in the superior performance
obtained with the flap and is illustrated in Figure 17, prepared from data
taken with the S-5 configuration. The upper part of this figure shows
that hicher L/D ratio (lower R/W) can be obtained with flap deflection
than with CG shift. The reason for this improved L/D ratio is shown in
the middle chart where, for trims less than 8 degrees, less wetted area
is required for the hull with deflected flap at given trim, This is due
to the 1ift generated by flap deflection. The power of this flap can be
deduced from the lower chart, which shows that each degree of flap deflec~

tion is equivalent to a 1 ft forward shift of the LCG.

At trims greater than 8 degrees the same L/D ratio is obtained
either with flap or CG shift; in this region the drag is due to induced
drag and friction. As the trim is reduced belcw optimum the drag increases
due to the form drag associated with bow immersion. The upper chart on
Figure 17 makes it clear that while flap deflection is beneficial, to
both performance and seakeeping, it can be over done. For the case shown
increasing the flap deflection from O to 5 degrees increases the L/D ratio
18 percent, for the same LCG position, however a further increase to

7.5 degrees deflection causes a decrease in L/D ratio of 79 percent,

18
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Chine Flaps

Fitting chine flaps to the hull improves performance and degrades
habitability. This situation is summarized on Figure 18 for the S-5
configuration with and without the 15 ft x 3.5 ft chine flaps, (Figure 2),
The chine flaps reduced the drag 24 percent at 15 knots and 9 percent at
30 knots. At 30 knots the peak 1/3-octave rms acceleration was increased
80 percent by chine flaps and the response broadened, The increased
response at low frequency may have implications relative to motion sick-
ness, however [SO criteria have not been developed below | Hz since these

criteria are primarily concerned with vibration.

Adding chine flaps effectively reduces the beam loading of the hull
with predictable results in rough water: the drag is decreased and the
CG acceleration increased.2 in this specific case, however, the degrada-
tion in habitability does not seem worth the improvement in performance.
It was therefore decided, with the advice of the LVA Office, to concer

trate on obtaining satisfactory performance without chine flaps,

Frior to this decision some variations on the chine flap concept
were investigated and these are shown on Figure 2, The use of an adj.st-
able trailing edge flap indicated that the rms acceleration could be
reduced, but only by 10% relative to the -5 with chine flap, and there-

fore was not pursued,

The effect of using high asper’, ratio chine flaps or ''chine wings'' was
briefly investigated. The intention here was to locate the wings suf-
ficiently far forward so that they would be wet at 15 knots, and thus
reduce hump drag, but dry at 30 knots so as to avoid increasing the accel-
eration., This ideal was only approached with the small, 4 ft chord, wing,
Relative to the S=5 without chine flap: the hump drag was reduced 11 per-
cent. At 30 knots there was no effect oi drag but the CG rms acceleration

was still increased 33 percent,

The L5 degree chine flap was an attempt at a compromise and suc-
ceeded about as well as could be expected., Relative to the $-5 without
chine flap the hump drag was decreased 16 percent. At 30 knots the drag

increased 14 percent and the rms acceleration increased 11 percent.
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This compromise appeared promising enough to start calm water testing over
the speed range. The effect of pitch moment was determined but this calm
water series was abandoned before the effect of flap deflection had been

determined due to the decision to proceed without chine flaps.

A brief investigation of the response in regular waves was 1lso
made with the $-5 fitted with 45 degree chine flaps. Data of this type is
needed to characcerize the seakeeping in swell conditions. The results
obtained with the longest wave, having 2 period of 4.6 seconds and a length
of 110 ft are shown on Figure 19. As would be expected, the resporse is
non=1inear above a speed of 15 knots. On the basis of these results it is

estimated that the natural frequency in pitch is 0.7 Hz and in heave 0.5 Hz.

Effect of Inclined Thrust Axis on Performance

The results discussed so far have all been concerned with the per-
formance predicted for the various configurations with the propeller shaft
parallel to the keel, or more generally to allow for water-jet propulsion,
with the thrust axis parallel to the keel. For conventional planing hulls
the hump trim rarely exceeds 7 degrees and the inclination of the shaft |
might also be 7 degrees. Thus the total angle of the shaft at hump speed
is less than 15 degrees, The load on water at the hump speed, allowing
for the vertical component of the thrust, is usually therefore of the order
of 96 percent of the displacement. Although the effect of thrust unload-
ing Is always simulated in model tests, it is not a very significant

effect and would usually not be worth discussing.

The situation for the heavily loaded hulls considered in this study
is quite different, The hump trim is 15 degrees and, in at least one
appllcation, a shaft line inclination to the keel of 15 degrees is being
considered, This results in a total thrust angle of 30 degrees at the
hump and a load on water equ~! to only 90 percent of the displacement,

and this is significant,

The effect of shaft angle on the $-5 configuration, without chine

flaps, is shown on Figure 20, The inclined shaft accounts for a reduction

20
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in drag of 13 percent at 15 knots and 5 percent at 30 knots, While there

may be a penalty to pay in propeller efficiency, it is remarkable that the

ey
r

s drag of these heavily loaded hulls can be reduced -0 much by this simple

[ change in the machinery installation,

e

it il
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CONCLUS10NS

Model tests of a series of planing hulls were conducted in order to
provide a data base to identify the design options available for a planing
LVA concept. Due to the dimensional constraints on this hull concept, with
a design gross weight of 55,000 1b, the hulls are heavily loaded and there
is little margin for refinement of design, Nonetheless, the series developed
exhibits progressively reduced drag in waves while maintaining the same
acceptable g level, or habitability. The foliowing conclusions apply to
operation in head seas of 2.2 tt significant height at a displacement of
55,000 1b and an LCG 12.5 ft forward of the transom, with a transom flap
fitted for trim control,

A flat bottom hull is better than inverted-vee hull, having lower drag,
lower CG acceleration and reduced motion response to waves. A lowered bow
profile reduces the high speed resistance, with a small penalty in hump drag
and vertical acceleration. The addition of positive deadrise in the bow
region overcomes these penalties and results in the lowest drag over the

speed range of 15 to 30 knots,

The transom flap is a most efficient method of trim control. The flap
permits operation at a lower trim and lower drag than would otherwise be
possible, As a consequence of the reduced trim the seakeeping and habita-

bility characteristics are improved.

A margin of 40% below the 1S0 habitability criteria (one hour fatigue

decreased proficiency boundary) was achieved by all hulls,

Horizontal chine flaps, which decrease the beam loading, are an
effective means of improving performance “ut exact a heavy penalty in
habitability increasing the g load 80% at 30 knots. Chine flaps with
L5 degree deadrise reduce the hump drag at 15 knots and increase the

30 knot drag, the g loads hosever are only increased 11%.

i
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The bow accelerations are twice those at the CG while the stern
accelera. - are 75% of those at the CG. The significant double ampli~-
tudes of the motions and accelerations are four times the corresponding
rms values. The 1/3-octave rms acceleration is equal to half the value

of the total rms acceleration.

This study is of an exploratory nature and some aspects have not
been considered; for example the behavior in following seas, It it there-
fore recommended that designs based on this data be subject to in-depth
evaluation,




R-1880

ACKNOWLEDGEMENT

A number of Davidson Laboratory staff members contributed to this
study by conducting the test programs and performing the data reduction,
and the author would like to acknowledge their help., They include
Mr. Gerard Fridsma, Mr. Michael Chiocco, Mr. Walter Klosinski and
Mr. Christopher Reyling., Mr. John Roper, of Roper Associates, contrihuted
to all aspects of this study, Thanks are also due to Mr. David Halper,
Code 112, of the LVA Office, DTNSRDC, for his encouragement and for pro-

viding technical direction at critical points in the development process,

2k

B o AR, | s g il e BT 5 e L e i A A




v b vl seanvs

BT

Loath

L) ot

1.

b,

R-1880

REF ERENCES

Savitsky, Daniel; Numata, Edward, and Chiocco, Michael: ''Preliminary
Hydrodynamic Model Tests of Several LVA Planing Hull Concepts,"
Davidson Laboratory Report 1840, October 1975

Fridsma, Gerard: ''A Systematic Study of the Rough-Water Performance
of Planing Boats (lrregular Waves - Part 11),"
Davidson Laboratory Report 1495, March 1971

1S0: "Guide for the Evaluation of Human Exposure to Whole-Body Vibra=-
tion,"
International Standard 2631, First Edition, 1974-07-01

Brown, P.W.: '"An Experimental and Theoretical Study of Planing Surfaces

with Trim Flaps,"
Davidson Laboratory Report 1463, April 1971

a5

St wegueTas  podheR(Saestob gl g e e oy £ o o OB W e O e B e it ey W




R-1880

TABLE 1

LEADING PARTICULARS OF PLANING LVA CONCEPT

Displacement, 1b
Length overall, ft
Beam, ft
Depth, ft
Center of gravity
Forward of transom, LCG, ft
Above baseline, VCG, ft
Pitch radius of gyration, ft
Static trim, degrees

Static transom draft, ft

55,000
28
11

7

12.5
349

0.84
3.5




Speed
knots

20

30

20

30

30
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TABLE 2

MOVIE SEQUENCE OF TESTS IN CALM WATER AND
WAVES 2.2 FT SIGNIFICANT HEIGHT, DISPLACEMENT 55,000 LB

Transom Flap Deflection, degrees

-2.5 ¢ 2.5 5 7.5 10 12,5 15
CONFIGURATION P-1, 12,5 Ft LCG

Calm Water L 6
Waves ] 2 3 5 7 9 10
Calm Water 13 15 17
Waves 1 12 14 16 18 9 20

CONF IGURATION P-1, 10.5 Ft LCG

Calm Water 26 28 30
Waves 22 22 23 24 25 27 29 31
Calm water 32 34 36
Waves 33 35 37

CONFIGURATION S-1, 12,5 Ft LCG

Calm Water 38 Lo L2
Waves 39 41 L3
Calm Water Ly L6 48
Waves 4g L7 L9
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TABLE 2.2

CONF IGURATION S-3, 12.5 FT LCG, BOW FLAP RETRACTED AND EXTENDED

Transom Flap Deflection, degrees
0 2.5 5 7.5 10

Speed
knots
15 Calm Water 50 53 56
Waves 51 5k 57
Waves and Bow Flap 52 55 58
20 Calm Water and Bow Flap 59 61 63
Waves and Bow Flap 60 62 64
30 Calm Water and Bow Flap 67 70
Waves 65 68
Waves and Bow Flap 66 69 i
35 Calm Water 72

Waves 713
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TABLE 2.3

CONFIGURATION S-3 WITH CHINE FLAPS (a.k.a. S-4)
12.5 FT LCG, TRANSOM FLAP DEFLECTION 7.5 DEGREES
WITH BOW FLAP EXTENDED

T.E. Chine Flap Deflection, degrees
-5 0 5 10 15

Speed
knots
{ 15 Calm Water : 4 76 78 82
4 Waves 75 77 719 83
Transom Flap 10 degrees
Calm Water 80
; Waves 81
F, 20 Calm Water 8, 86 88
Waves 85 87 89
30 Calm Water 90 92 94 96

Waves 91 93 95




Displacement
1"

60,000

55,000

50, 000

Ls,000

R-1880

TABLE 3

RESISTANCE OF CONFIGURATION S-5

No Chine Flaps

Speed:

Trim
degrees
12
14
16
18

12
14
16
18

12
4
16
18

12
L}
16
18

LCG 12.5 Ft

15 Knots

Resistance, 1b

Calm
Water
24,180
24,150
24,180
24,290

21,450
21,260
21,060
21,330

18,720
18, 320
18,210
18,640

15,990
15,530
15,620
16,220

Significant
Height 2,2 ft
24,180
24,150
24,180
24,290

21,450
21,260
21,060
21,330

18,720
18,320
18,210
18,640

15,990
15,530
15,620
16,220
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TABLE &4

RESISTANCE OF CONFIGURATION S-5
Nc Chine Flaps LCG 12.5 Ft

Speed: 20 Knots l

Resistance, 1Ib

Displacement Trim Calm Significant
1b degrees Water Height 2.2 ft
60,000 12 18,220 19,550
13 17,340 18,320 ;
14 17,250 17,910 ;

] 15 17,960 18,280 |
) 55, 000 12 15,070 16,400 ;
: 13 14,850 15,830 !
1 14 15,130 15,790 :
] 15 15,880 16,200 :
; )
{ 50,000 12 12,600 13,930 '
3 13 12,870 13,850
f 14 13,560 14,220
t 15 14, 460 14,780 ;

45,000 12 10,800 12,130
_ 13 11,440 12,420
5 14 12,290 12,950
3 15 13, 150 13,470
1
"
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TABLE 5

RESISTANCE OF CONFIGURATION S-5
No Chine Flaps LCG 12.5 Ft

Speed: 25 Knots

e

: Resistance, 1b
Displacement Trim Calm Significant
1b degrees Water Height 2,2 ft
60,000 8 13,530 16,320
9 13,100 15,190
l 10 12,870 14,290
11 13,120 13,850
’ 55,000 8 11,710 14,500
9 11,210 13,300
| 10 1,210 12,630
11 11,990 12,720
50,000 8 9,800 12,590
9 9,480 11,570
10 10,120 11,540
1 11,040 11,770
45,000 8 7,97C 10,760
9 8,440 10,530
" 10 9,260 10,680
) 11 10,090 10,820
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Displacement
b

60,000

55,000

50,000

45,000
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TABLE 6

RESISTANCE OF CONFIGURATION S-5
No Chine Flaps LCG 12.5 Ft

Speed: 30 Knots

Trim
degrees

6

W 00~ O W 00~ O W 0~

W 0 ~N O

Resistance, 1b

Calm
Water
11,390
9,760
10,580
11,540

9,140
8,880
9,660
10,510

7,680
8,030
8,750
9,520

6,690
7,170
7,800
8,520

Significant
Height 2.2 ft
14,160
11,890
12,050
12,370

11,910
11,010
11,130
11,340

10,450
10,160
10,220
10,350

9,460
9,300
9,270
9,350
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TABLE 7

DRAG INCREMENT, LB.,
RELATIVE TO S=-5 WITHOUT CHINE FLAPS

Significant Wave Height 2.2 Ft
S=5 CONFIGURATIONS
6 FT. TRANSOM FLAP

Speed Trim Horizontal 45 degree Chine 9 ft Transom
knots degrees Chine Flaps Flaps Flap
15 12 -5060 -2480 LL0

14 -4990 -2700 280
16 -4280 -2880 20y
18 -2730 -3050 140
20 12 -3370
13 -1780
14 - 710
15 - 180
30 6 -1650 1800
7 -1030 1460
8 - 710 1100
9 - 530 760

L ft Chine
Wings

-2640
-2680
-2630
-2500
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TABLE 8

DRAG INCREMENT, LB.,
RELATIVE TO S-5 WITHOUT CHINE FLAPS

Significant Wave Height 2.2 Ft

P-1 CONFIGURATION S-1 CONF1GURATION S-3 CONFIGURATION
3 FT TRANSOM FLAP 3 FT TRANSOM FLAP 3 FT TRANSOM FLAP
Speed Trim No Chine With Chine No Chine With Chine No Chine With Chine
knots degrees Flaps Flaps Flaps Flaps Flaps Flaps
15 12 3320 -1780 -1780 1970 -3620
14 3370 -1600 -1600 1690 -2750
16 3660 -1470 -1470 1549 -1920
18 L1o00 - - 1650 -1460
20 12 2340 -2100 1720 -2720 1060 -3370
13 2790 -1240 1670 -1600 1150 -1780
14 2700 - 780 1260 - 910 980 - 710
15 22L0 - 410 1310 - 410 530 - 180
&5 8 1210 -3180 -3180
9 1580 -1970 -1970
10 1900 -1120 -1120
1 1990 - 730 - 730
30 6 2500 5130 1330 -1650
7 2630 3960 1190 -1030
8 2380 3270 550 - 710
9 2060 2860 180 - 530
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TABLE 9

MEAN AND RMS MODEL DATA FROM SEAKEEPING STATISTICS
SIGNIFICANT HEIGHT = 2.2 IN. DISPLACEMENT = 31 LB

CONF IGURATION P-1 WITHOUT CHINE FLAPS
LCG = 12.5 IN,

TRANSOM KMS KMS rMS

FLAP MEAN MEAN BOW CG STEKRN

RUN SPEED ANGLE PILICH DKAG ACCEL ACCEL ACCEL
FPS DEG DEG LB G €] G 4

200 730 0.0 16617 14415 0e17 0«09 0.05
174 730 15.0 9653 16431 0.13 0.07 0.04
320 9¢75 =2¢5 18613 12432 O« 36 0«17 0.11
202 9e75 0«0 16469 11.80 0«34 Q.16 0«07
321 975 0.0 1702 11455 0.37 O.18 Uell
314 9.75 2.5 16.08 10.98 0«36 0.17 De12
313 975 5.0 14490 10463 0. 36 0.17 0. 12
316 9.75 Te5 1400 10467 O« 35 Oe17 O. 12
317 9.75 10.0 13414 10.80 0. 33 0.16 Ue l2
318 975 1295 11416 10492 0.27 0. 14 Us11
163 975 15«0 Be¥6 1477 0.21 .10 Oe 14
173 9475 15.0 Fe65> 1338 Q.23 Oe11 UeU6
204 12. 19 0.0 12+ 69 9. 19 0.52 O.2% Ue13
167 12.19 1G. 0 Be 60 Beb2 0. 41 0«20 0.11
165 12.19 1269 Te62 Je b8 0. 398 0.1Y O.11
310 14. 62 ~2¢b5 1034 9e81 094 0«51 Ue 48
305 14062 0.0 10.09 8e 70 075 O« 40 U« 33
304 14062 2¢5 BebdY Be 04 0658 Ue 34 Ve 2V
303 14. 62 5.0 7495 Be 10 Qe 64 0. 32 Ve26
302 14. 62 TeS 678 8e20 Qe 5y Ve 29 Ce22
169 14.62 Ted5 661 Be 05 Us 58 Ue 60 Uelo
168 14.62 100 SeT7d BeYe Qe b2 Ve 26 0«13
329 14.62 10.0 4o 46 Yel9 Qe 5% Ue28 Q.23
330 14.62 12¢5 472 10491 0e 47 De2d Ue 20
170 l4.62 125 4¢84 10665 Us 44 Ue Y Oe l2
210 17.06 5.0 6+14 B 4Y 074 Oe 39 Q.22
172 17.06 Ted 9 46 Bedl 0067 Ve 34 O« 19
171 1706 1265 3¢ 10 1433 OUe 45 OeZ2 UJe 13
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TABLE 9.2

CONFIGURATION P-1 WITHOUT CHINE FLAPS
LCG = 10.5 IN,

TRANSOM RM S K> XS
FLAP MEAN MEAN BOW CG STERN
SPEED ANGLE PITCH DRAG ACCEL ACCEL ACCEL

FPS DEG DEG LB G G G
9.75 ~2¢5 20+ 69 13.88 0.43 0.16 0.09
9.75 0.0 20412 134y O« 42 0«16 0.09
9.75 2¢5 19.12 12.88 0. 42 0«16 Qe 10
975 5.0 18e28 12¢61 Qe 43 0«17 Q.10
9+75 Te5 17«11 11452 O. 44 0.17 O«11
9.75 10.0 1612 11.03 O« 49 0«18 Ue 12
975 1245 1523 10.91 Oe 4% 0.19 0«13
9+75 150 1400 10,39 O« 45 0«18 Ue 13
14.62 5.0 10 32 Ke99 Cev7 O 49 Qe 47
14.62 Te5 el Te 62 0.9l Oebb Ue 37
1462 10.0 6095 770 0. 74 0. 32 Oe27

CONFIGURATION P~! WITHOUT CHINE FLAPS
LCG = 12.5 IN,

7.30 0.0 15698 11618 0. 31 0. 16 0.07
7+ 30 15.0 Ye39 1120 O« 16 0«09 0«06
Ce TS 0.0 11.99 Be36 OeS6 Oe27 Ue11
9.75 150 731 6430 0. 38 0.1y 0.10
12.19 0.0 B.19 693 0«70 0. 35 017
12.19 10«0 Se 46 0«77 U« 54 O.27 Q.12
12. 19 12¢95 4471 G.1Y 0. 46 U244 Oel2
12.19 12¢5 4065 Tedl 0. 49 Q.25 0«12
1467 5.0 4¢56 T+ 39 O« 71 0«37 0«17
14. 62 5.0 4¢67 7.00 Q.67 0. 37 0«18
1464 Te5 395 T35 0«63 0. 34 O.16
1462 TS 399 T+78 0«63 0e 34 017
14461 10.0 3.30 Beb2 0«54 O.d4 0«14
14.62 125 2460 1165 O« 3y Oecl 0«13
17.06 5.0 3.70 T.88 0«74 0.4l Oecl
17.06 5.0 3«61 8.01 Qe 72 0.41 O.21
17.06 T¢9 2¢89 10.95 0«64 0. 36 D¢ 19
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TABLE 5.3

CONFIGURATION S-1 WITHOUT CHINE FLAPS
LCG = 12,5 IN,

A o
k4

i TRAN SOM KM 'S KM S RM S
. FLAP  MEAN  MEAN BOW CG  STERN
RUN SPEED ANGLE PITCH DRAG  ACCEL ACCEL ACCEL
3 _ FPS DEG DEG Lb & G G
b ¢
3 404 9475 5.0 14+71 10400 G 36 B-17 0:103
a 401 9.75 7.5 1347  9.95 0.34 0.16 0e12
407 975 10.0 11.97% 1050 0.258 Oe 14 Uel2
: 392 14462 2.5 8e51 8453 064 0e3l  Uez4
7 395 14462 5.0 Te64  Be67 0¢59  0e29  0.22
i 398 14462 7e5 6045 9443 0.53 025 0.20

e

CONFIGURATION S-1 WITH CHINE FLAPS
LCG = 12.5 IN,

] 232 7430 0.0 1561 1090 0.30 015 0.07
‘ 230 730 1540 Ted2 12429 0«15 0. 05 0.05
% 234 9.75 0.0 11.12 7«80 0«55 0.27 0.12
e 228 9.75 1540 6+24 Yo 43 0+32 0¢17 0.10
226 12419 0.0 Te54 6.62 0.70 0+35 0+16
T 224 12+ 19 1245 5633 6434 057 0«29 0«14 i
g 218 14662 25 4066 7.00 0+73 039 0.20
220 1462 5.0 4+.04 7413 0«68 0+ 36 Oe 1Y
, 2e2 14462 ) 335 Be21 0e¢57 0. 31 0.20
% 216 17.06 2e5 3.45 7.91 0e77 O« 44 0+24
U 212 17.06 5.0 2.88 Beb6J 0«68 0. 39 Ge 20
214 17.06 745 1«98 10.74 0. 5% 032 Qe ly
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TABLE 9.4

CONF IGURATION S-3 WITHOUT CHINE FLAPS
BOW RAMP EXTENDED LCG = 12.5 IN,

TRANSBM KM S kM> RM S

FLAP MEAN MEAN BOW CG STERN

RUN SPEED ANGLE PITCH DRAG ACCEL ACCEL ACCEL

FPS DEG DEG Lu G G G
453 7. 31 0.0 1791 12.91 0.23 0.11 O.08
451 731 5.0 1519 12419 D.22 Q.10 0.09%9
455 731 100 12.27 12.03 0.21 0.10 0.10
425 9475 5.0 14472 9.62 0. 40 0.19 O.13
428 975 Te5 1353 9.31 0.38 0.18 0¢13
431 9.75 10.0 1233 926 0. 36 0.17 0. 14
416 14.63 2.5 Y 58 6496 0«69 035 0«28
419 1463 5.0 770 T+ 08 Q¢ 65 0.32 025
422 14.63 745 658 7+ 50 0. 62 030 Qo4
CONFIGURATION S-3 WITHOUT CHINE FLAPS
BOW RAMP RETRACTED LCG = 12.5 {N.

438 7.31 0.0 16¢54 13.12 0.23 0e11 U.03
439 7.31 5.0 1535 1240 O.21 0.10 Ge0v
440 7«31 10.0 12. 48 1236 0.8 0.09 008
434 14463 2e5 B.63 7.06 0. 70 0.35 D.27
437 14463 5.0 775 7.02 065 0.34 Deb
444 17.06 S0 594 752 Oe74 0. 39 O« 32

o b el
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TABLE 9.5

TP TR AT W,

CONFIGURATION S-3 WITH CHINE FLAPS
BOW RAMP EXTENDED LCG = 12.5 IN,

TRANSBM CHINE K4S KM S KM 5

FLAP  FLAP MEAN  MEAN BOW CG  STERN

RUN SPEED ANGLE ANGLE PITCH DRAG  ACCEL ACCEL ACCEL

FPS DEG DEG DEG LB G G G

470 7431 7.5 0¢0 16437 10.52 0e34 017 0«11

471 e 8l 7¢5 5.0 15650 10.15 @38 0«16  (Oell

472 1% 31 745 106 @ 14493 10.02 0e34 0017 0.12

561 7.31 10.0 100 14430 975 0e33 0-16 0.12

498 7.31 745 15.0 14¢ 46 10.00 0.34 0.17 0el2
483 9.75 75 0.0 1068  7.09 0e56  0e28 0417 ;
480 9.75 7¢5 5.0 9.60  6.73 0e56  0e27  0a17 }
477 9475 75 10. 0 Be 49 6e 62 0e 55 Q.27 0.18 |
49 4 14462 7.5 -5.0 S5¢14 6474 0s74 0439 0430 !
486 14.62 7.5 0.0 4045 6.9 0:68 0.36 0.28 |
488 14.62 Teb 5S¢0 3¢37 T+ 25 Qe 64 034 0e28 %
I

e amn i b i k. e et s i i R i ek i R L Roiond
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TABLE 9.6 =
CONFIGURATION S-5 WITHOUT CHINE.FLAPS
LCG = 12.5 IN.
E TRAN SGM RMS  KMS  KMS
E FLAP  MEAN  MEAN  5OW CG  STEXN
| RUN  SPEED ANGLE PITCH DRAG  ACCEL ACCEL ACCEL
: FPS DEG DEG LB G G G ’
62 4.68 0.0  0.51  4.45  0.25 0.07 0.09
63 4.83 0.0 1447 492 0.25 0.08  0.09
26 7.33  -6.0 16.48 12.50  0.20 0.10 0.07
17 7.25 0.0 11.96 11.26 0«19 0.09  0.07
22 7.26 0.0  11.22 12.07  0.18 0.09 0.0¢
34 7434 0.0 12.00 11.74  0.19  0.09  C.08
18 7.32 2.5 10.94 11.46  0.17 0.08 0.07
23 7.36 2.5  9.30 12.11  0.18 0.09  0.07
24 7.35 5.0 6487 12.64 0415  0.07 007
61 9.75 0.0  15.35 9.53 0«36 0.18 Q.12
60 F75 249 13. 72 Y.31 0. 34 0.17 Cel2
59 9.66 5.0 12.33 9.78 0430 0.15 0.12
56 12418 040 12409  7.58  0.47  0e23  0.15
57 12.19 25 1051 Te 47 Qe 47 0.24 0«16
58 1218 5.0  9.35 7.67  0.46 0423 0417
35 14.72 0.0 6+79 0466 0.33 Q.24
38 14461 0.0  9.22  5.54  0.66 0433 0.23
36 14465 2.5 7451 6.72 0+57 Ue 29 0.21
37 14.62 5.0 6465 6.86  0.53  0.27  0.20
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TABLE 9.7

CONF IGURATION S-5 WITH HORIZONTAL CHINE FLAPS

LCG = 12.5 IN,

TRANS®M CHINE - 'KMS RMS KM S
FLAP FLAP MEAN MEAN BaW CG STERN
RUN SPEED ANGLE ANGLE PITCH DRAG ACCEL ACCEL ACL=L

FPS DEG DEG DEG LB G G G
27 7+34 0.0 0.0 16.11 9.94 0.28 0«14 0.10
28 733 25 0.0 13.24 9.22 0.26 0.13 0.10
29 7435 5.0 0.0 10.63 G+ 40 0.24 0.12 0.10
30 T+ 34 0.0 10.0 1471 9. 77 028 0.14 0.10
31 7434 2¢5 10.0 1176 9.17 0«24 0«13 0«10
617 9«77 0.0 0.0 15.68 768 0.717 0«45 0.29
68 976 2.5 0.0 1134 7.10 0.51 0.26 0«15
69 9«77 5.0 0.0 1035 6+91 0«50 0e25 0.15
50 14-65 -6.0 0.0 9-29 Tel1 1.03 0-61 0050
39 14.62 c.0 0.0 6456 613 0.84 0«44 0.33
49 14.64 0.0 0.0 T¢31 g.22 0.84 0 47 0«34
40 14.62 2095 0.0 5.78 6¢ 67 0.73 0«41 Q.28
41 14.61 5.0 0.0 480 7.01 Q.63 Ue 34 0.23

b b

 re—




PR——

L

RUN

54

52
53

65
66
64

70
71
72
74
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TABLE 9.8

CONF I GURATION S-5 WITHOUT CHINE FLAPS
LCG = 13.5 IN.

TRANS2M RMS KM S
FLAY MEAN MEAN BOW LG
SPEED ANGLE PITCH DRAG ACCEL ACCEL
FPS DEG DEG LB G G
14465 0.0 9.03 716 0«54 0.27

CONF IGURATION S-5 WITH HORIZONTAL CHINE FLAPS
LCG = 13.5 IN.

14.64 0.0
14465 0.0 6448 641 0. 68 0.37

CONF IGURATION S-5 WITH 9 IN. TRANSOM FLAP
LCG = 12.5 IN.

7033 '600 11-52 12037 0017 0.08
733 -3.0 8e94 12464 014 0.07
7432 0.0 Te64 13¢19 0.12 0. 06

CONF IGURATION S-5 WITH 8 IN. CHINE WINGS
LCG = 12.5 IN.

7433 0.0 19.81 11.92 0. 36 O«lB
7.31 2.5 18458 11.38 0. 36 Oe138
731 S0 17.43 10.92 034 0.17
7. 32 10.0 14.41 10.06 0¢29 0. 14

M S
STERN
ACCEL

G

0«19

0.0Q7
0.06
0«00

O. 10
O. lU
0¢10
0.10
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TABLE 9.9

CONF I GURATION S-5 WITH & IN. CHINE WINGS

LCG = 12.5 IN.

TRANSIM KMS KMS BMS

FLAP MEAN MEAN BAW CG STERN

RUN SPEED ANGLE PITCH DRAG ACCEL ACCEL ACCEL

FPS DEG DEG LB G G G

75 7.32 0.0 1831 11.68 Q.32 0. 16 0.10
16 T+ 32 5.0 1534 10.84 6«25 0.12 0.09
117 7.32 10.0 10.58 10.69 0.19 0.09 0.0%
18 14.64 0.0 9.63 696 0+:34 Q.41 0.30
79 14.69 5.0 685 6+90 0.70 0.36 Q.25

CONF I GURATION S-5 WITH 45 DEGREE CHINE FLAPS
LCG = 12.5 IN.

81 7+ 34 25 11.50 10.74 0.21 0«11 0«09
g2 T34 5.0 9.60 10.89 0.20 0.10 0.09
83 14.64 0.0 Ee50 7. 35 0. 68 0. 35 O.26
84 14. 64 245 T.52 T« 37 0. 62 0. 33 Q.24
85 14.64 5.0 6. 42 796 0.57 0.30 0.22

T T —
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TABLE 10

SEAKEEPING STATISTICS FOR CONFIGURATION P-1
SIGNIFICANT HEIGHT = 2.2 FT  DISPLACEMENT = 55,000 LB

WITHOUT CHINE FLAPS LCG = 12.5 FT

>

VELOCITY 15.0 ANUTS FLAP LEFLECIIYN 0.0 DEG

NUMIBER UF WAVE ENCUUNIERS 30

MEAN kMS O5SC AVERAGE 178 HIGHESI
DEG 1617 1.29 37 17. 49 1441 18 04 13067
FT 0.05 0.33 24 O 49 -0.36 D70 -0.70 '
G -0.02 O0.17 55 O.19 ~0.22 Je 33 -0. 37
G -0.01 0.09 43 0«1V -0.14 Ue I G ~“Us21
STERN ACCEL, G -0.07 0.05 29 0«01 -0.15 Qeiilh -0 1%

&OW ACCEL.,
G ACCEL,

VELOCITY 15,0 KNOT> FLAFP DESLECTIUN 1540 0BG

NUMBE® 9F WAVE ENCOUNTERS 30

iMEAN KMS QL0 AVERAGE 1/3 HIGHE ST

DEG 253 le54 35 10«54 Be o 12 34 6+91

FT =0.61 Qe29 24 -0.2¥% -0.96 0«00 -1l.20

C U« 03 0«13 5l O+ 206 -0+ 00 O 36 =0l

G D.01 0.07 3% 0«11 -0.10 Oelo =Us 15

STERN ACCELs G -0.02 Os04 24 0.0¢ =Celu Oe v =013

KUN N3 320

VELUCITY 200 ANOIS FLAP OerLECTIUN =260 0EG

NUMbEK OF WAVeE ENCUUNTEKRS 43

MEAN WIS OO0 AVERACE 173 HIGrReST
DEG 15.13 2.15 29 20. 62 1543 21.9y 13.64

FT 2435 O 45 2> 2e91 1o Jec) 1e4Y

G -0.06 0.36 33 De 55 - 47 Us 9 -U. 06

G =007 Dkl 28 Ue2d -Je 33 Qe 3= -Le42

STEKN ACCEL» G =0.07 0.11 11 0.21 -Ue2> Oe 30U -U.31

RUN N3 202

CG ACCrL.»

VELWCITY 200 KNOTO FLAP DoFLECTLUN  OeuU 2LG

NUMBER OF LAVE LENCOUNTERS 30

MEAN Wy JsC AVERALLE 176 RlIGneol
LDEG 16¢69 “e 02 2y 1592 Idiis i 20 &7 ol WS
FT 2. 30 0s 45 206 2070 1w~ S0 1% 1.50
¢ 0.09 0«34 47 Qe 42 -0 33 | -0e56 i
G Ue Q2 Celb6 48 Oe3 “Ue lo Do ge, TR ‘
STERN ACCEL», G -0.07 Jo07 3D 0. 05 -Ce 17 Ue11 -0.20

PPRR N TN i _ e e i iR Lﬁ T - S o g " IL‘ "l
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TABLE 10,2
1 WITHOUT CHINE FLAPS LCG = 12,5 FT
3 ’ KUN NO 321 VELOCITY 20.0 KNO1S  FLAP DEFLECTION 0.0 UEG
4 e 'y
4
. NUMBER OF WAVE ENCOUNTERS 45
Bl
! MEAN WS B5C AVERAGE 173 HIGHEST
. PITCH>» DEG  17.02 2004 33 19413  14.59  20.60 12.0%
! HEAVE, FT 2.23 0443 25 2.176 L. 72 3o 12 1e44
: I $8W ACCEL» G  -0.06 0.37 3y 0.56  =0e47 0.9¢ =066
CG ACCEL, G -0.0% 0.18 29 0e24  =0.31 0.36 =-0.4l
‘ STEKN ACCEL» G -0.06 0-11 14 0.19  -0.2¢ 0.26 =028
KUN N@ 314 VELUCITY 2040 XKNGTS  FLAP DEFLECIILN  2¢5 DEG
NUMBE OF WLAVE ENCOUNIERS 42
' MEAN KMS 95C AVERAGE 173 HIGHES
; FITCH, DEG  16.0% 204 31 i8.50 13463  19e5s  12.08
poA HEAVE. FI 2.0 Oeal 25 217 Vo7 3e 07 1.40
BOW ACCEL>» G =-0.05 0.36 4l Oes2  =0e47 0.77 -U.66
CG ACCELS G -0.03 0.17 31 0.25  =0.30 0ed> =035
' STERN ACCELs G -U.04 gl s Oe2¢  -Ue2¢ 0elz  -Ue26
¢
KUN N2 313 VELUCITY 20+0 KNUTS  FLAP DEFLECIIGN 5.0 DG
NUMBEKR OF WAVE ENCOUNTERS 132
MEAN Ki1S @O AVEKAGE 1/3 HLGAESI
PITCH. DEG  14.90 2410 97  17.22 12434  18.72 10«63
HEAVIE FT 2e0ut U 42 T 20 62 157 2e97 1e2Y
BAY ACLEL, G -0.04 0.36 124 0.53  ~0.47 Oece  =UebY
CG ACCEL» G -0.01 0.17 92 0e27  =0e2y 0ed6  =0e3Y
STERN ACCELs G =-0.04 Os 2| o2 Ue20  -0e25 e =0e30
1
KUN NG 316 VELUCIIY 20+0 4NOT>  rFLAF DEFLECTION 75 DLEG
| NUMBEKR OF LAVE ENCOUNTLRS 133
: ; MEAN K> OS¢ AVERAGE 1/3 HIGHESI
PITCH, DEG  14.00 1.96 97 10627  11.50  17.51 Ye 95
HEAVES FT 1.99 0edQ 1y 2+ 50 1o 4y 2o oV 1e20
i - -0 ACCELS G -11.03 0.35 127 0«5l =0 iy Ue ol =Ue 0J
> ' CG ACUEL» G -0.03 0e17 v Ue23 -0+ 31 Cede  =Ce4l
3 210000 ACCELs G -0.04 Uel2 5 0.20  -0.24 0e27 =030
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TABLE 10.3

WITHOUT CHINE FLAPS LCG = 12,5 FT

RUM NO 317 VELYCITY 20+0 «NOT»5 FLAP DEFLECTION 10.0 LEG

T

NUMBLIc OF WAVE ©ENCZUNITERS 126

MEAN KMS USC AVERAGE 173 HIGREST
1 PITCH, DEG 1314 1.86 9% 15429 1073 16+ 46 Yoy
] HEAVES FT 1.97 0.38 78 2 < il 1.4y .07 1s 25
f . HYW ACCEL> G =-0.03 033 128 Us 4% =Ne 4y 0.76 =063
] CG ACCEL, G -0.03 016 86 0.23 =030 031 -0.39
STERN ACCEL» G =0.03 Del2 59 020 =024 Ce27  =Ue30
] RUN NO 318 VELOCITY 20¢U KNUTS  FLAP DEFLECILUN l2e¢5 DEG
NUMBEK OF WAVE ENCOUNTEXS 85 ,
MEAN BMS 050 AVEKAGE 1/ HIGHEST ;
PITCH, DEG 11416 1.54 70 12¢35 94U 144005 Bl L7 5
HEAVE» FT 1e59 Oe 34 45 2.04 N E) i) W 2 |
BOW ACCELS G -U.03 B. 27 I8 036 =037 Oeb6  =0653 ,
CG ACCEL» G 0e0Y Uel4 4y U227 =0ely Us 4 =Le27T :
STERN ACCEL> 6 =004 011 33 OelYy -Ue2S Uo7 -Le 30 |
KUN NO 163 VELJCITY 2040 ANJIS  FLAP DEFLECILCN 190 DEUG ,
NUMBER OF WAVE ENCOUNTERS 30
1
MEAN WlS OSU AVERAGE 1/3 HIGHEST
PITCH» DEG 1036 el 3% 9.94 Tel2 1C. 95 Gots2
HEAVE» FT DR Uets 22 l.21 O 60 bl TR K]
32V ACCEL» G Je06 Ue2l 55 Oe 31 -Uels Uedy  =0Ued3
UG ACCEL, G -0.05 0«10 4l 010  =0s1v Sels  =0elb
STERN ACCEL, G -0, 44 Os1a 41 -0 33 ~0s57 ~Uecy ~U. 70
AUN NO 173 VELOCLIY 2060 £NJTS  FLAP DLrLECllus 15U DG
NUMBER OF LAVE LNCOUNILZa> 3V
4 AKAN KIS 95C AVEKAGE 173 HIGHEST :
4 PITCH, vEG e lS 1¢ 3% 34 1090 Be3 1 ek Tend
HEAVE,» FT e 277 030 24 leol 05913 1ot IS
19k ACCLL» G ee 0e23 51 Ued6 =019 Ue Do =Ue 36
CG ACCEL» G 0.04 Oell A0 Ue 1 0. 1.3 Gerd “Qe o

LTERN ACCEL, 6 -U.0¢ O.06 33 Us Ul =013 el 3 ~Us1b
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) TABLE 10.4
1]
WITHOUT CHINE FLAPS LCG = 12.5 FT
KUN NO 204 VELOCLTY 25.0 <NOTS  FLAP DRFLECTION Ce0 DEG
| NUALY: OF WAVE ENCHUNTERS  3u
MEAN KMS Qi AVEKAGE 173 HIGHEST
PTTCH» NEG 12469 3.15 25 16+ 315 $eu 18w U3 be 59
HEAVE, FT 3.33 060 21 4409 2.61 4s 56 .23
‘ . BOW ACCEL> 6 0.03 0.52 41 e84  =0e39 81 2% ~ 0 T
CE ACCHL s G Ue 5 Ue25 41 0e35 =022 Uede  =Ue 42
STERN ACCELs & =003 o183 34 0.11 -0zl Owca  =0630
RUN N 167 VELBCITY 25.0 ANUTS  FLAP DEFLECTIUN 10.0 DEG
X NUMBER OF WAVE ENCOUNTEKS 30
/ MEAN KMS 0OSC AVERAGE 175 HLOHEST
PITCH» LDEG 560 1.94 31 10+ 64 6065 12404 5. 32
HEAVE» FT By e Os 40 29 3.21 Loz B o 1§ 1e99
BOW ACCELS G e 06 0eal 52 0e58  =0.31 023  =0e59
CG ACCELS G 006 0Bl e 0e 21 -0. 19 Qe it =Ce34
! STERN ACCEL» G i a i) Oell 34 @. 16 -0e15 Cocd =0e22
‘ RUN NO 165 VELOCITY 25.0 KNUIS  FLAP DEFLECTION 12e5 UEG

NUMBER OF WAVE ENCOUNTLKRS 30

YMEAN KMs Lo AVERALE 175 ~1GHREST
PITCH>» NEG Te62 e 72 20 Je 50 5S¢40 10e57 46 43
HEAVE» Fi 2654 Q.29 2 296 2e15 e 4 lesd
noW ACCEL, G
vG ACCELS G Ge Q7 UelV 44 Ce 30 =0l Le i Qe 30
STERN ACCELs G =06l D11 33 -Q.C7 =0e¢ 35 Qe 1 -0 42
KUN NO 310 VELOCITY 3060 KNOIS FLAP DUFLECTLON =25 DEG
NUMUER OF UAVE ENCJUNTERS 34
: MEAN S ULl AVEKAGE 178 GlGresT
: L PITCH, DEG 106 34 Ge Ul 19 1523 Qebus 2Ue DL -1letS
HEAVE. FT 367 1. 30 1@ De 4 le 20 Gedl 1e0Y
, AW ACCEL s G -0 02 De24 25 1e>7 “le1ln 2e Y -1.92
CG AULCKL » G Qs01 U- o1 23 O 1> Ul e v = 1le 37

STE&RN ACCtLs C -0.02 Jedis 3¢ Qe 47 =0ey Ue i3 ~le1l



]
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' TABLE 10.5
] WITHOUT CHINE FLAPS LCG = 12,5 FT
KUN N9 305 VELOCITY 30.0 <NuT>S FLAP verbLiECiiocy 060 DEG
NUMBER OF WAVS SNCYUNMIERS 11u
MEAN WS USC HVERAGE 173 HIunesT
PITCH, DEG 1009 4o li2 £S5 15006 4. 10 17619 1. 60
HEAVE FT Je63 0.0 57 26 T 2l 5o Ze 10
Ba% ACCEL. G -0.04 0«75 96 l1e 1Y -0e74 2eUS -1.23
f CG ACCEL>» G -0.01 0.40 Y0 0 54 -0. 47 Qe s ~0.383
STERN ACCEL, G U.00 0.33 59 O« 4U “Ue0Jd Ve 7/ -Q.7Y ;
: KUN N3 304 VELOCITY 30eU (NUTS FLAP DEFLECILuUN  2¢5 DEG
NUMBER UF WAVE ENCUUNTERS 106
ViEAN KMS O>C AVEKAGLE 174 HIGHEST
1 PITCH, DEG e 59 3.52 67 124 55 3ei51 14ev3 1.06
L HEAVES FT 3.9% De74 5v 4o 2ed5¢ Zio Dt 2+ WU
E LW ACCEL, G -0.02 D68 113 s T2 “U0e 55 1o -1.03
3 CG ACCEL» G V.02 0.34 53 Ue 55 -0 40 Ueul ~0e 69
: STERN ACCEL, G -0.01 0.29 1T 037 =047 0ol -0e7U
] KUN N@ 303 VELOCITY 30.0 ANUIS FLAP DEFLEUCTLILN 50 JEG
é:: NUMBE R UF WAVE ENCUUNTERS 109
A Js
MEAN RMS GsC AVERAGL 173 HIGHESI
1 FITCH, DEG Te9s e ile T ileny e Uo 13 6 s 27
] HEAVES FT 3614 0e 65 57 3095 2o 45 Lo o) 2o OV
: oBv ACCEL, C -0.02 0.64 122 Loz -U0.57 Wer ez -Le ¥
, CG ACCEL>» G 0.03 0.32 Yo 0s 51 -0. 30 UeTT -0.60
1 STERN ACCEL, G U.00 Ue26 1> 0. 35 =0 a2 Je o0 -Je b4
éi
L KRUN N2 302 VELUCITY 300 «NDTS FLAP DsrLECTIUN  7e5 DEG
NUMBER UF WAVE ENUCIUNTEnS 1Ub
1 MEAN KMS 05U AVERAGE /3 HEGnadT '
: PTTOH, DEG H6 7Y 20 43 g e 16 e (01 1114 179
1 HEAVES F1 Lo 7 0+%1 90 3. 64 2ol as. 1y L2eillL]
- vl ACCELS G -0.01 0e5Y 1> 0s95 -0e 56 M -V«
CG ACCLL» G 00 Ue29 100 Ue 1% -0e 30 geb 3 -0 5Y ?
STEKN ACCELS, G =0«01 Gelee T2 0. SV =0 37 Ue 47 =“Ue 04
5

e
L‘ o a4 PR S o e i 20 i [ 2 il i oF 3 ne st ca e g s B - i a2t S s
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TABLE 10.6
WITHOUT CHINE FLAPS LCG = 12,5 FT
KUN NO 169 VELGCITY 30.0 KNOTS FLAP DEFLECTIuN Te5 DEG

NUMBER OF WAVE LENCBUNTERS 30

MEAN KMS @5C AVERAGE 1/3 HIGHEST
PITCH, DEG 661 2+ 43 26 e 1Y 375 1066 iecd
HEAVE» FT 3407 0.52 21 de 72 2e 50 de | U e 10
bow ACCEL., G Q.28 0.58 50 1.06 ~0.11 le61 ~0+58
CG ACCEL> G
STEKN ACCELs G -0.06 O.16 36 0. 09 =0.2¢C Qo2 -0+40
rUN NO 169 VELOCLIY 300 ANUTS FLAP DEFLECTION 100 OEG
NUMBER UF WAVE ENCOUNTERS 3V
MicAN KMS 050 AVERAGE 173 HIGHEST
PITCHJ ULG 507)’5 10")7 28 7' 77 30(_’)9 ‘JOUJ do'dq
HEAVES FT 2806 Oed44 20 3. 41 2¢ 36 310 1998
39w ACCLEL>» G O.11 0«52 53 Oe 7% =0e27 lecss ~0+¢6>
CG ACCEL.» G 0«05 0«26 44 O« 34 ~Qe 2z Oe 45 ~Us 406
STERN ACCELs, G 0.00 Ve 13 35 Ue 16 =0+ 1y Oezo =027
RUN NG 329 VELYCITY 300 ANUTS FLAFP DEFLECTIUN 10«0 JEUG
NUMBEn ¢F VAVE eNCOUNTERDS 34
MEAN KMS OLC AVEKAGE 173 HloAwST
PITCH, DEG 4¢ 46 e ) 2206 7+ 05 1o 27 Se LU ~uev7
B3y ACCELS G ~0.01 0e58 4l 0.95 =053 le 58 ~Ue 92
CG ACCELS G 0.02 O.28 30 0«41 ~0e3> Uecl ~0eby
STERN ACCELs, G C.00 0.23 &> 0. 30 =0« 37 Ue 510 ~Ue b2
KUN N3 330 VFELOCITY 300 ANOTS FLAP DEFLECITION 1263 026
NUMBER OF WAVE ENCJIUNTERS 33
MEAN 1S Oso AVERAGE 175 rnlGazoT
PITCH» DEG HNe T2 1.72 30 Ge D4 debbd TeTu Qe9b
HEAVE FT 2D Oe 34 20 3e 02 2ol Se 33 1o 7Y
BAW ACCEL» G ~0.01 Qe &7 133 0+ 64 ~U0e by 117 ~UeSU
CG ACCFEL> G 0«13 Oe23 27 Qe 44 ~0.22 Oe 2y ~Ue 3y
STEKN ACCELs G Q.00 Q.20 26 Q.27 Q. 32 Ue 42 ~Ue 4D
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TABLE 10.7
WITHOUT CHINE FLAPS LCG = 12.5 FT
RUN N@ 170 VELBCITY 30.0 KNOTS FLAP DEFLECTION 12.5 LDEG

NUMBER OF WAVE ENCOUNTEKS 30

MEAN KMS 05C AVERAGE 173 HIGHEST
E PITCH» DEG de %4 159 30 Ge 43 3«36 T+50 1.72
BOW ACCEL» G ) m
CG ACCEL» G
STERN ACCELs G -0.03 0.12 36 0.10 -0.21 0«2l -0. 30
RUN NG 210 VELOCLTY 350 KNJTS FLAF DEFLECTIUN 5.0 LEG
NUMBER 9F WAVLE ENCOUNTErRS 30
MEAN KMS BSC AVEKAGE s HIGHS S
PITCH» DEG 6Held 3.00 21 Ve 45 26220 11.55 -U.06
HEAVE.» FT 3 38 0.70 14 4025 Z2e b2 el 207
139w ACCEL» G 0.05 De T4 4YH 1. UY =0 e lend -1.06
CG ACCEL» G V.05 0639 49 Qe 42 ~Ue o Ue 'ty -0.71
STERN ACCELS, G -UeUl Ds2c 40 0o 14 ~Ue Oe 30 -Uebl
KUN NJ 172 VELUJCLTY 350 «&Noios FLAP DiEFLECIION  Ted JLG
NMUMBE.« OF WAVE ENCOUNITERS SU
'
MEAN I ST ¥ AVERAGE 1705 rnlGHe Sl
PITCH,» DLECG e 40 Yoo 23 TS 2o 30 10 U2 Je 19
HEAVE S FT Jel2 DebT 20 3eud 2e 0l He S 2e 15
10 ACCELS G
LG ACCEL S ¢ e JY e 3 S0 Oe 40 e b et ~UebU
oTERN ACCEL» € -e 01 vel?r 31 Ue 1L - el Cesu -=Ue4n
VUN NS LT e LGl LY 39560 KNITS FLAR Do liuN l2ed veg
NUMUER 215 LAVE ENCOUNTLLL JU
MO NS DL AVE i\ GE 178 eliliGi 8 2 :
FLTCHS DG Je 10 1+ 37 31 Lo 30 1o 7 De LY Qed?
HIE AV FT e L0 (Jo 3¢ 17 de 1 e Se o 2wl
LY ALCYTL, ¢
oG ACCYL s G UeldH e e 41U (e 410 -Ue |l Qe -0, 31
STERN AUCKL, G -0.01 Ueld 32 Ueld “Ue 1y Ue 20 -Je 2y




A P aa R

i 8.

e

KUN NO 343

PLITCH. LEG
HEAVE, FT
59w ACCELS G
CG ACCLL.» G

STERN ACCELSG

KUN NI 342

PITCH» DEG
HEAVES FT
Bow ACCELS G
CG ACCEL» G
STERN ACCEL> G

KUN NO 341

PITCH» ve G
HEAVL, Fr
uylw ACCEL. G
CG ACCEL. G

JTERN ACCELs G

RUN N7 339

PITCH veG
HEAVES FT
BOL ACCEL» G
G ACCEL>» G

STERN ACCEL» G

R-1880

TABLE 10.8

WITHOUT CHINE FLAPS Lce = 10.5 FT

VELOCITY 200 KNULITS FLAP DEFLECTLIUN -2e5 VEG

NUMBER OF WAVE ENCUUNTENS 4z
MEAN WS U0 AVEKAGE 174 HIGHEST
20. 69 0. 43 27 2333 176 34 246522 5.16
2¢71 0«50 25 de 31 2e 14 3678 189
’0007 0043 35 OOéb ’0054 1. 006 ’0076
-U0.07 0.16 25 0«21 -0e 32 Qe 10 -0+ 41
0«07 0.09 11 Q0«15 0.7 Qe -0e32

VELOCITY 20.0 KNOID FLAF peFriotiuN Oe0U LG

NUMBER OF WAVE ENCOUNTLRS 44

MEAN aMs Osu (VERAGE 173
2Uele Pe 42 29 2267 17.07 Ddle 40
250 Qe 43 25 3e 44 eV Je JD
=007 0. 42 36 Q.61 -Qe54 levo
-0.09 Qe 16 27 Do 138 ~0e 34 Qe
-0.06 0.0Y ) Qe 17 =060 Qe 2

ViELUCEITY 20.U KNOTo FLAP DEFLECIION

NuUMokar OF WAVLE ENUUUNIEHb 41
MEAN M 0ol AVERAGE 173
19.12 2o 49 29 21e13 15624 23 34
Cey Qe 47 24 Je 4D 2elc 3e /2
-0.06 Qe a2 35 Qe 04 -0 Dc 1eU
-0.08 V.16 =27 0. 17 -0 34 Qe 30
-0.05 0010 lu Us 1B ~0edd 0036

veLoclily 20.0 KNDTD FLAP DbrLECHLIUN

NUMBER OF LAVE ENCOUNTERS 40
MEAN KMS 950 AVERAGE 173
1825 2e61 29 2100 14679 ey
el Oe a8 &9 3e2Y 200V 3e &Y
-0.05 Qe 43 35 0.71 ~0e D4 lelo
-0.04 De 17 L0 Qe 24 -Ue 31 Ue 3D
~0.05 Dol 11 Ue lo =GecD Jecod

HiGrEST
14673
1.99
_0075
-0 44
=0.31

2e5 DLL

AL GHEST
13609
1.91
_bo',b
=0e 44
=030

9.0 oeb

HIGHES]
lee Tl
lel
-0y
-Ue 40
"0031
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TABLE 10.9
WITHOUT CHINE FLAPS LCG = 10.5 FT
nUN NG 340 VELUCITY 20.0 KNOT3 FLAP DEFLECTIUN Te> DEG

NUMBER OF WAVE ENCOUNTERS 45

MEAN KMSs 050 AVEXAGE 173 RIGAEL ST
PITCH, DEG 17.11 263 30 1995 13.63 2le06 11.16
HEAVE, FT 2.6y Oe 47 27 3625 215 Sele 1e31
BOW ACCEL., G -0.04 Us 44 40 0«70 =0+ 50 1«13 =0eTb
CG ACCEL. G -0.06 017 2u 0.23 -0. 32 Uo g2 ~Ue 4l
STERMN ACCELs G -G.0b5 Oell 12 020 -0.26 Qe =032
RUN NO 344 VELWCITY 200 «NOTS FLAP DEFLECTLUN 10.0 JEG

NUMBER OF WAVE ENCOUNTEKRS 126

MEAN WS UsC AVERAGE 173 HIGHLES1
PITCH, DEG 16+12 2463 Y5 1v.0U 12«71 20+ 356 1Uu« 67
HEAVE, FT 263 0e¢ 4S5 51 3621 2¢09 Je DY 133
B@W ACCEL., G -0.04 0«48 123 077 =0.56 le 226 ~0.79
CG ACCEL.» ([ -0.04 Oelyy 92 0«25 ~0.32 Ue S0 ~Ue 42
STERN ACCEL - -0.04 0«12 50 Qe21 -0.24 Qe -0. 30
KUN NO 345 VELOUITY 2060 KNU1S FLAP DLFLECTIUN 12e¢5 J&G

NUMBER OF WAVE ENCUUNTEKS 129

MEAN KMS O>C AVERAGE 173 HIGHLST
FITCH, DEG 15623 Qe TS 91 1%+ 37 11e5Y 20+ 10 450
HEAVE., FT 2465 Qed4t T4 3625 2eU% 300 182
20V ACCEL» G -0.03 Oedy 121 0. 79 =U0e55 leco -Ue 70
CG ACCEL » G ~0.02 0.19 g Qe i3 =030 Qe ai ~Ve4l
STERN ACCEL» G -U«04 0«13 50 el2 ~0.25 Us 3U -0l
RUN NO 346 VELOCITY 2040 £NUTS FLAP JEFLeCTLuN 15:0 OEG

NUMUBER OF WAVE ENCOUNTERS 125

MEAN KMS JSU AVERAGE 175 HIGre S|
PITCH, DEG 1400 2.64 9Y 1694 1073 loe73 Be b5
HEAVE, FT 2e97 0«44 %1 3. 18 2403 el 177
39w ACCEL, G -0.02 0. 48 126 0«7 =0+ bHD lecs -0.50
CG ACCEL., G -0.02 Oely 94 0«27 ~Ue 31 0. 37 ~Us 4c

STERN ACCEL, G -0.03 013 b2 Qe ~0.24 Ve sl -0. 31




;
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¥
! TABLE 10.10
; WITHOUT CHINE FLAPS  LCG = 10.5 FT
RUN NO 369 VELOCITY 30.0 KN@TS  FLAP DEFLEC11UN 5.0 DEG
NUMBER OF WAVLE ENCOUNTERS 110
HEAN KMS BSC AVERAGLE 1/3 HIGHEST
PLTCH» DEG  10.32 6431 58  17.7% 0.78  20.75 ~-1.31
. HEAVE. FT 4400 1.32 57 564 2434 6e75 Loy
i B0 ACCEL» G  -0.02 0.97 7 1«74  -0+76 2e79  =1431
CG ACCEL, G 0.05 0.49 5 0.70  -0.46 1400 -0.¥l
‘ STERN ACCELs» G -0.01 0.47 6 051 -0.63 0067  =0.90
|
KUN NU 364 VELUCITY 30.0 KNUIS  FLAP DEFLECTIUN Te5 DEG
NUMBEn OF WAVE ENCHUNTERS 111
MEAN KM UsC AVERAGE 1/3 HIGHEST
PITCH, DEG Bel17 4e 72 67 12.93 le 56 1619 -1.20
# HEAVE., FT 3469 Vevs 61 4 47 2o 5 566U 1.69
BOw ACCEL» G 0.03 0.91 105 le 59 =0e¢54 2e 05 -1.08
i CG ACCEL., G 0eD9 0.68 35 0e5¢  =0.42 Oets>  =0a 72
STERN ACCLEL» 6 0.00 0.37 43 042  =0.47 0.75  =U.75
RUN NO 363 VELOCITY 300 <NO13 FLAP DEFLECTION 109 DEG
NUMBEK OF WAVE ENCOUNTEKS 114
MEAN KMS Yoy AVENAGL 178 HIGHEST
PLTCH, DE G 6495 339 74 1046Y 2e59  13e15 0.2
HEAVE FT 3. 43 0.65 57 4. 33 B 7.0 4092 2o 4l
BUYW ACCEL» G 0.00 0.74 115 1432  -0.63 2oz =140
CG ACCELs G 0.06 0e32 97 0050  =Ued4 a9 -uenY

STERN ACCELs G -0.01 0«27 7Y 0. 34 -0+ 44 Ue D2 ~Ce 0605
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TAELE 10.11

WITH CHINE FLAPS LCG = 12.5

aSUN ND 197 vELDCLTY 150 ANGIS FLAP DEFLECIILN 0.0 VLG

NUMBEr OF LAvEe ENUOUNITEKRS 3U

i
MAN 1S UsU AVENRACGE 173 HLGHE S
PITCHs DEG IHe98 1e77 40 17713 13453 19.13 1o 37
HEAVE s FT le9?2 0. 46 33 Ze 45 1e sl 220 1.09Y
Bk ACCLLS G 0.00 0«31 64 0. 40 =Use 31 Oe75 © =UedH
CG ACCELS C 0.02 0«16 54 Qe2zl ~U0e 1 Oe 33 -U.31 .
STERN ACCELs, G -0.08 0.07 4l 0.04 “Us 1 Uelois ~0.24
i RUN NGO 161 VELUCITY 1560 KNU1L > FLAP DEFLECIIJN 1560 VEG
NUMBER UF LAave ENUJUNITEKS 34
% MEAN KMS ULu AVE NAGE 173 HIGHES]
PITCH. DEG e d9 1.15 37 Je 64 TezU 10«74 He23
HEAVE s FT D76 U« 32 26 1«13 O« 21 ledd O«.105
sy ACCELS G ~(). 04 0.16 57 0«17 =0.23 Ue 2l -Je 36
CC NCCELS 0 =610 0.0V 44 0«03 =Je2d Ue lu -Ue 30
STERN ACCEL» C ~0.07 .06 39 e 02 =0. 16 OeU7 =0ez0
RUN NG 193 vELJCLIY 2060 ANOTS FLap perLiECILoN 0«0 Ll
NUMEEre OF WAVE aNCUUNTErS 3U
MsAN KA 950 GVERALL 176 HALorE ST )
PLIUH, DEC 1193 ce7 34 14e27 e ad! 1Ge 74 Gel7
AEAVLE k1 .31 tYe 07 3 Jeolh el e 3D ZedD
BOW AuUEls G e ¥ Ue D6 41 Oes’t =0 4 ledl ~Je o
CG ACCeL» G Deide Qez?7 31 De 37 “Ued> Uewl ~Uediss
STERN ACCLEL, G -0. 02 Uell N} Je 1U -Us-17 Ue '} “Uecdd4
i
KUN N 1548 vELOLLLY Z2Uel ANUILL SLel Dbkl il oy 150 vl
NUMBEL OF VAavE ENULUNTERD 3u
o MEAN KMy ULl AVE NALE 1/3 HlIOGHE DI
FLTCH, LEG Tedl el 34 Je S He 4.5 Jeto de 18
HEAVLE FT ~e6Y Ue 3V JU Je 12 Ce Je 41 1.3
¢ Ay AcCrL, G 0«00 0. 38 61 UeSl =Ue lD Je v =Je b
CG ACCEL>S G Oel17 Oe 19 51 Ce 4l ~0.07 UedJ Suecd

STERN ACCrLLs G Ue0J 0«10  3v Oels =U. 14 Us 20 -0. 1Y




RUN NO 191

FITCH, DEG
HEAVE, FT
BAW AUCELS G
CG ACCEL.» G

STERN ACCEL, G

KUN NO 156

PITCH, DEG
HEAVE w1
BUw ACCFL, G
CG ACCEL>» G

STERN ACCEL, G

KUN NO 157

PLTCH, JEG
HEAVLES il
BOW ACCELS G
CC NnCukLs G

STERN AccEL,

WUN NG IgY

P1TCAHS pei
HEAVE, K
Bt ACCEL» G
CG ACCFL s G
STEKN ACCLLs ©

R-1880

TABLE 10.12

WITH CHINE FLAPS

LCG = 12.5 FT

VELUYCLITY 250 ANUITS
NUMbER OF WAVE ENUCOUNTERS 30U
MEAN hS WUSC AVERKAGL
He 149 3¢ 43 25 122 3e 47
3.60 0.70 23 4o 477 e
0.03 N«70 a4y 1«10 -0ez7
0.05 0.3 95 Qe 44 ~0e 23
-D.06 0«17 46 O« 12 0.2y

VELUUIIY 250 ANYI

o
~

MUMBER UF WAVE ENCOUNTLEKL 30
AN R ISERVINRV AVERAGE
Se 40 1easi2 KI) Te 33 e 25
3 30 Oeal 25 Je 81 2ol

-U.02 Oeo4 . HG Dol =0e a9
0. 11 Qe2l 95 Je 4 =017
0.06 Ue 14! 42 Ue 21 ~UJele

VELACIIY 250 “NUJI1IDS

NUMBE R UF WAVE ENCOUNTERS 3V
M AN xS Wol AVERACGE
el 1o 448 34 66 40 e S
e 16 D635 26 3e 94 2¢775
Ue Q0 Qe 46 9506 Ue 64 -Ue 43
Oell Vez4 47 Oe 39 “Ue2U
Deld Q12 41 Oe 19 el

VIELODCITY 290 ANOIS

NUMbLE o JF

A AN M wae
4e b5 lenh 32
JeCU Qs 42 29
-0.01 Ue 49 S4
Ue 3 Oe25 46
004 Oelz 3V

wavk ENCOUNTEND

JSU

AVernlL
6o 30 Sel4
e 4 2e D)
Ve 70 =0 44
e 3D ~Jecld
Ue 12 ~Ued¥

FLAP DeFLECTIUN

173
14610
beo'ds
2e U7
Os70
Qect?

FLAP DiEFLECILON

173
R
46 10
led0
De G4
Ue 3

FLAP Dbl lon

173
TeUY
de 75
117
Ve Do
Qe o

FLAF DerLeCilon

173
Toss
Se b

iecl
Ue &
Uselo

1060

Q.0 ULL

HIGHEDS]
lel>
2433
=093
-0.53
“Ue 43

kG

AL GHE ST
le 44

2 43
~Ue 4
-Ue 4¢
~Ues2U

125 VLG

ALGneol
14y
247

0«76
=~UJe JY
—Uo ly

leed JEL

ALCHE S
leul
el

~Ue¥4
“Ue>1
“Us 31
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TABLE 10,13

WITH CHINE FLAPS LCG = 12,5 FT

RUN N9 152 VELUCLTY 30«1 «NUIS FLAP DEFLECILIUN  5e0 JBG

NUMBLEN UF WAVE ENULCOUNIERS 30

y MEAN RS @S¢ AVERAGL 1/3 HLGHESI
| PITCH, DEG 4496 2043 25 e I 1e43 Bebls =039
: HEAVE, FT 3+ 40 0.60 2l 4o 15 2e5 4e 02 o2l
BYYW ACCELs G 0. 02 Ol 47 .07 =0.44 leve =099
CG ACCEL» G 0.06 0.37 45 O0+52  -0Qec2 Oeod  =0.61
STERN ACCEL, G -0.04 0.17 4l G 16 -G.25 Ued2  =0.38
IKUN NO 133 VELUCLIEY 30+0 KNUTS  FLAP UeFLECILUN 5.0 DEG

NUMBER OF WAVE ENCSUNITERS 30

M AN KMS YSC AVERAUE 173 HIGHESI |
RITCH» DEG are ST 2e41 25 7.10 1ot Beds 023 ;
HEAVE FT Sroweri 0.63 21 4e 19 2e 1Y 4470 Zad S [
BOW AUCEL, G ® )0 067 47 I 2 -0 37 leyy -0 89 A
CG ACCELs G Q.04 Ue 3T 45 0s S50  =Ue2y Usde =004 !
STERN ACCELS C UeQ2 Qe les 45 Oe 1y -Ue 1 Ue 84 ~Ue 33 i
KUN NO 154 VELUCLITY 30¢1 KNJIS FLAFP DerLECTLUN  Ted DEG ‘
3 NUMBEr 9F WAVE ENCYUNIekS 30 !
i
i MEAN KMS UsC AVEKAGE 175 AdlGReSI
' FI1CH» DEEG 3.99 1.99 27 619 139 T dic -U. 36
HEAVE, FT 3e ¥ Ueol 20 Je 76 2715 o Sy e Jd3
BOW ACCEL. C 003 0e63 49 1.05 0. 33 letcy =088
CG ACCELS G 0s11 034 50 0e53 ~Ue 1Y Ol 17 -Ue54 ;
STERN ACCELs G 0. 00 Oe 16 39 Ue 1Y -Usu 0. 86 -0, 3e {
|
il
u
KUN N2 1385 VELUCLTY 300 ANOTS FLAP DEFLECILON  Te5 DEG
}
NUMBEK OF BAVE ENUUUNIExS  3U
: MEAN "My Usu AVERAUGE 173 AlGHES! :
- PLICHS DEG 309y 2e09 29 579 156 Tadl YUK R]
: HEAVE» FT JeiS Us 60 20 3e93 2008 4439 2e2b
3 B ACUELS G 0.07 063 & 1+ W6 -U. 4t MR ~Ueud
¥ CG ACCEL» G Ues U O¢ 34 43 Qe 45 =Ues 31l Ue 70 ~Ueb6 1 4
; STERN ACCELs G -0.02 Us 17 4l 0e15 -0eed Uls 27 “0e3Y
4
:
3
3
l o it S N b Satie Lt s e e et ot o




KUN N3 155

PLTCH.» DEG
HEAVE, FT
B9W ACCEL, G
CG ACCEL» G
STERN ACCELs G

KRUN NO 137

PITCH, vec
HEAVE, I
B2k ACCELS (5
CC ACCLEL, ¢

SYERN Aglebs

KUN NI 15y

FLTCH, DEG
HIEEAVE, FT
BOW RCCKLS G
CG NACUELS G

STERN ACCHFLs 6

RINON ) s

PITCH, DG
HFEAVYE Il
sl ACCELS G
CG ACCEL > G
STehN Aclibs G

R-1880

TABLE 10,14

WITH CHINE FLAPS

LCG =

VELOCITY 300 aNOTS

NUMisE

AN
3¢ 30
Jell
0«10
Ueld
0.03

JF

INUIN]
1.62
Oo 44
U 24
Q.34
014

WAVE

SINIY
d2
20
Y
44
36

ENCOUNT

A
485
3670
0ot
0.51
0. 20

VELUCITY 30.0 ANUITS

NUMBER

MEAN
“e OU
e 74
Je 0O
Ue )
-0.03

JF

S
le26:
U 42
e 3y
Oe2l
0e13

12.5 FT
FLAP DEFLECTLUN 10.U DEG

Eky 30
VERAGE 173 HIGHE ST
1e52 6006 -0.14
2064 4001 2034
=0 30U 1643 -U.77
~0e 10 Ue 74 =0e 4y
-0.17 Ue 30 =0es27
FLAP DEFLECTIUN 1265 DEG

WAVE ENCOUNITLKDS  SU

Jou
JU
23
o9
43
S

velocllY 3s.4

NUMUE <

e N
ETAY)
;j' 3()
Del1d
(te 19

3\
et

UF

RSN
2e 33
e GO
e T
Je 4]
Dewl

2]
Se Y 4
3. 0%
e 45
(e
CelD

SN

VA GE 1/3 HIGHES!
1'17 /—ll"/l ‘UQUB

<o 42 Je 03 2613
=Uez Ue ol “U0e6 3
-Ue 2 Ue dl =“Ue 44
~“Ue i Ueild U« 33
Fl.dr DoilbeCiloN 560 wEC

Lave ENCIUNTENRS  JU

JOU
o]
15
S5
7y

o
A4

VLUl TY soely

NUMBE U

M AN
REXZR
Je 37
U. 0%
(1e 05
-te 04

(SR RNV

NIV NI
2eld 4
(te 061 17
Velz O
Ue il S
Ue 2 43

£
He QU
el
1. 10
(Yo o™
el

SNJL L

ENU N

A
Se 16
4o 10U
1 10
Oe>l
Us 17

Ve aivor 1/ Al0Adr ol
e 4 Te7171 -e DU
e G Qe e 4>
=0 3 1o 71 ~ls0Y
~Us 14 LeVD U953
=Uelu Le & -Ue U
LA DekLeUlLl N Deu URD
fesin D SU
venice 1/3 mnlCGAnot
Qe i3 T776 =Ue 52
delo 4o OU e
~Qe I ~JeY
=Ues 20U e U0 “De OY
-Ue it e S0 - e &Y




tey,
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TABLE 10.15

WITH CHINE FLAPS LCG = 12.5 FT

KNUN NG 177 VELDUITY 35.0 KNUlS FLAP DEFLECTION 7.5 0r6

5,

NUMBEE JF LAVE. ENCOUNTERYS 80

AN MY UsSC AV RAGE 178 HEIGHLS!
PITCH» DEG 2e¥Y 1.98 26 4075 Ce T4 662U -l.02
e HEAVE» FT 307 UebY 16 Je Y2 Ze 55U Lie 25 2eld
3 50V ACCELS G 0«18 D641 4Y 1.05% -0.31 let -0. 58U g
CG ACCKL» G Ue06 Je36 47 0.4l -Q0ez) Vel -0.65
STERN ACCELs, G -0.02 0«19 39 0e 17 -0.25 D+ 34 -Ue 44
B
i
{
4
L | !
:. |
5




e

"

SIGNIFICANT HEIGHT = 2.2 FT
WITHOUT CHINE FLAPS

RUN NGO 404

Ti

FITCH, D
HEAVES

B ACCEL,
CG ACCELS
STERM AUCELs G

]
DG = Q)

RUN N3 401

PLTCH, DG
HEAVE FT
Bow ACCELS G
CG ACCEL> (:

STERN ACCEL, G

RUN NO 407

FITCH, DG
HEAV:, FT
33y nCUkL G
CG ACCELos G
STERN ACLELs ©

xKUN N7 392

PITCH, DEG
HEAVLE Fi
BaL nClkEL» G
CG ACCEL» G

STE:.N ACCEL. G

SEAKEEPING STATI

VELOCLTY

NUMBERN JF

R-1880

TABLE 11

STICS FOR CONFIGURATION S-1
DISPLACEMENT = 55,000 LB

LCG = 12.5 FT

20.0 KNOT» FLAP DEFLECTLJN 50 DEG

pAve ENCOUNIERDL 137

MEAN WS USU AVERAGE 173 HIGHEDS!
14071 leds 99 1694 12 19 18+ 0 10«04
2.06 0.40 78 26 08 1o 56 2eu7 128
=004 0«36 135 Ue 04 -0 46 Os 7 =065
0«01 Del7 1 Us 27 =0 2Y O« 30 -0+ 38
-N.04 De 13 &% Qe 1V -0.26 Qe - 0. 32

VELOCITY 2040 ANUTD FLAP DEFLECITON  Teo UEG

NUMBER 3F

WAVEE ENUODUNIERS 14au

HIAN KMo doU AVELNGL 1/ HAIloHESH
1347 173 100 10e 406 11e2dd 16647 46 67
196 0«33 11 2o dud 1enl 2e74 1e21
-0.04 Qe 34 134 0s 50 -0e 44 Qa1 -U. 66
0. 00 0.16 Y& Qe 2D =0es Qe 34 = dy
-0.04 OelZ 61 e 17 -Je 23 Ue 2D -0edD

VELOCLTY

2040 KNOTS FLAP DBFLECTIUN 10.0 DEG

NUMBER OF WAVE ENCIUNTERS 133

MILAN aMy DS AVEKRAGE 173 BHIGHES!

1197 1.50 105 136 (4 U 12 1474 ve 14
lo’:)?‘S ()0-3.3 70 2o 12 lof’/ 2o 30 Oo*}‘)

-0.03 Ve 24 127 Ue 1 =034 Ue b4 =007
-0.01 Qeta T4 Cold -Ue 26 Qs 30 -Js 34
-0J.03 Ve 12 Al Ve 1348 ~0edD Ue 20 -Je d<
VELJCETY U0 KNJiD oA oerLeCcThoN Zed UEL

NUMpEie OF WAVE ENCOUNTERS 109

nvienACe 173 nlombksT

Mo AN ath SLe

Be 0l Yo 70 116063 D+ U0 13 07 2edal
3e17 Je 63 D006 3e 9V Lo 46 He D4 1eJ0
Q.00 e 64 123 1.12 -0+ 20 o7 -Je¥YDO
e 01 Pedl 1UD Ue 4l =0 3y Ue 1 -0e 061
-0.01 Ue 24 RE! Ue SV =Jeal e 40 -oe 01
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%
i TABLE 11.2
WITHOUT CHINE FLAPS LCG = 12.5 FT
KUN N@ 395 VELQCITY 30.0 KNOTS  FLAP DEFLECILUN 5.0 DEG

NUMBER OF WAVE ENCOUNIEKR® 107

MEAN KMS @50 AVERAGE 173 HIGHEST
PITCH» DEG 764 2,38 u«< 10.038 487 11673 2e e
HEAVE, FT 3. 02 Us 52 56 d¢ 70 2e 4l 4¢ 10 2+01
B2W ACCEL, G 0.00 0e57 127 Q.99 =056 le61 -0.90
CG ACCEL, G 0.01 .29 105 0. 43 =0. 37 Q. 62 -U. 60
STERN ACCEL, G =0.01 0.22 w1 Os 29 -G 36 Oed>d -0.54
RUN NO 3943 VELYCITY 30«0 ANOTS FLAP DEFLECIIUN 7¢O DEG

NUMBER UF WAV ENCJUUNIERDS 119

MEAN hML 050 AVEKAGE 1728 MiGhes]
PITCH., DECG Ge 4> 1e91 4% G 4z 4o 2 Yel ) Ze 30
HEAVES FT 2¢76 Oed44 54 3¢ 36 e 25 3 70 136
H0Y ACCEL, G -0.01 0e53 133 Qe 56 =V 24 1s 42 a8y ,
CG ACCLL, G 0¢05 Ue25 103 Oedl  =0s32 Usebo  -Ue24 g
STEKN ACCEL» G -0.01 0.20 ©l Oe 26 U 30 Qe oY -Ue 5l i




RUN NO 232

PITCH, DEG
HEAVE, FT
sdW ACCEL, G
CG ACCLEL, G

STERN ACCELs G

RUN N 230

PITCH, DEG
HEAVE FT
B ACCEL, G
CG ACCEL, G

STERN ACCEL, G

RUN NI 234

PITCH, LEG
HIEAVES FT
B3 ACUIL, G
CC NACCEL, G

STEKN ACCEL, C

RUN NO 22y

R-1880

TABLE 11.3

WiTH CHINE FLAPS LCG = 12.5 FT

VELOCIIY 150 KNZTS FLAP ODEFLECTLION 0.0 DEG
NUMBEK OF WAVE ENCUOUNTEKS 380
MIZAN RMS OoU AVEIKALL 174 1GRLS)
1561 lel72 40 17451 13657 18«71 lg.21
2o 1l 0e43 31 2665 1e by 2e97 | A
-0.01 0.30 60 0. 39 -0.31 Ue &Y =0.50
0.0Q1 Ue 15 45 Qe 22 ~0.20 0. 33 -0. 32
=0.06 G« 07 41 Ue 06 =017 O.11 =Ue21

VELOCLTY 1560 KNOTS FLAP DEFLECTION 150 DEG

MUMBENR OF VAVE ENCUUNITERS 3u

MIFAN s You AV GE 173 HLGHe ST
Te 422 lel2 Ry Ee 54 Gerlt Je i) 5«33
e -2 (1e 31 24 095 De i lel?y Jes 00
e Q0 0.15 4 De2l =0.21 Ue 34 =Ue 33
.0 Ue 0¥ 44 Ue 1 4 -0. 12 Ue 1 -U. 18
=006 0«05 34 De 0 -0.15 Ve 37 ~0.19

VELUCITY 200 ANOTS FLAFP DelFLECITON 0«0 urG

NUMBEN OF UAVE ENCUUNTE®RS 30

NN LS Unte AV ERAGK 173 HLOGHEST
11e 12 2¢0% 34 13e94 Teyd 15e 27 Des2
Gei2l DedH ¥ Je ih 2e0U Ho 27l 2627
0e032 Qedd 47 Ue9 4 -0.52 ledb -Jevl
De4 Qe 21 4y Qe 371 Ve 0 Ue &l -0.50
=Uetl5 Del2 A7 Oe 04 Q. Ve ~0e 30

VELOCULLY =deU XNOIY FLAP DLRLECILIEN 156U LLG

NUMBEEN OF LAVE ENCLUNTERS 30

P AN i UL AVENALE i76 AlbGnest
PITCH, DIG Herd Ledd 33 Te 63 fe O Ye 'l L0 Je 36
HEAVLE » FT 2eHl Qe 35 2 290 2eld Je 1O legl
il ACCEL, G UeN2 e 32 57 O« 42 -0.31 Qe T =Ue5D
CG ACCYL G De04 Ue 17 44 Oe 24 “Ce 17 Qe o =0 32
STERN ACCELs C Je U3 0«10 45 Qe 17 =0.11 Ueild “Ue 1Y
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TABLE 11.4
WITH CHINE FLAPS LCG = 12,5 FT
RUN NO 226 VELGCIIY 25.0 KNUTS FLAP DEFLECTION 0.0 DEG

NUMBEK 0F WAVE ENCOUNTERS 30

MEAN RMS USC AVEKAGE 1/3 HIGHEST
PITCH, DEG Te54 Je2 27 11.10 3¢ 31 1322 O.88
AEAVE, FT 3.82 0.68 22 4070 3e U4 Se 19 2+69
B8OW ACCEL., G 0.02 0«70 48 l1e16 =04y 2e2U =095
CG ACCEL., G 0.06 035 54 0. 50 -0.22 Doy =055
STERN ACCEL, G ~0.03 Ce 16 46 0.14 =022 G« 30 -0.39
RUN NO 224 VELGCITY 250 KNOUTS FLAP DEFLECIIUN 12+5 DG

NUMBER OF WAVE ENCOUNTERS 30

MEAN RMS @50 AVEIKAGE 173 HIGHEST

PITCH, DEG 5.33 2¢11 30 Te 59 240605 913 0«93

HEAVE., FT 3. 32 0.49 27 30U 2004 4e 33 2e 47

L2v ACCEL., G 0«01 057 49 0«94 =0e49 1e61 =0.89

& CG ACCEL., G 0.04 0.29 49 0.4l -0.26 0.6> =054
STERN ACCEL, G -0.03 O.14 41 Qel2 =0e24 Oe25 -0.32

ﬁ RUN NO 218 VELOCITY 30.0 XKNOIS FLAF DivbeCliON  zZe5 DEG

N

NUMBEK OF WAVE ENCOUNTEKS 30

MEAN MS G50 AVEKAGE 173 HIGHEST
PITCH. DEG 46 66 2¢61 24 Te a7l 126 CeD ~0e76
HEFVES P e SU Uebi <ZU Lo BT ceTu Ge 4 Zedl
L@y ACCELS G 0«04 0.73 4y 1.20 -0. 34 2e11 -1.01
Ch ACCEL. G 0.05 0« 39 47 Ue 55 -0.25 Gele ~Ue 06
STERN ACCELs G -0.05 0.20 40 O« 14 -0« 32 Oeod -0e46
KUN N3 220 VELOCITY 300 ANOTS FLAP DEFLECTION 5.0 DEG

NUMBER OF WAVE ENCOUNTERS 30

MEAN Ky 05C AVERAGE 1/3 HIGHEST
PITCH, DEG 4004 2.21 27 Ge 31 1e2Y TelY =0e¢43 )
HEAVES FT e dd Qe 56 2¢ 40 10 2e 87 4o 09 2e56
B9%W ACCEL, G 0.03 Oe 68 49 107 =0« 36 le72 ~Ue94
CG ACCLL.» G 0.05 036 50 Qe 4y -0.25 0.70 =063

STERN ACCEL, G =-0.04 0.19 42 0«16 =02y 0.31 =0.41
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TABLE 11.5
WITH CHINE FLAPS LCG = 12,5 FT
RUN Nu 222 VELOCITY 30.0 KNOTS FLAP DEFLECTILN  Ted DEG

NUMBEK OF WAVE ENCOUNILKS 30

MEAN KMo 080 AVERAGE 173 HIGHEDST
PLTCH., DEG 3435 1«76 30 4497 le41 622 =012
HEAVE, FT 3e24 De49 21 3. 51 2e¢70 40 14 2+ 41
BOW ACCEL. G 0.02 0e57 55 0.%0 =036 1e41 -0.87
CG ACCEL.» G 0.05 0«31 4y 0«41 =02y 0.61 -Ue5Y
STERN ACCEL» G 0.31 020 45 0.53 0. 08 Qe 065 -0.09
KUN N2 216 VELBWCITY 350 KNITS FLAP DEFLECTIUN 25 DEG

NUMBER OF WAVE ENCOUNTERS 30

MEAN kMS 05C AVERAGE 178 HIGHEST
PITCH,» DEG 3e45 2419 23 De6Y Qe 665 Tebz -1.00
HEAVE, FT 3455 0.61 19 44 30 2389 4o 5 2661
BoW ACCLEL, G 0«03 0«77 54 1«17 - 034 lev4 -1.02
CG ACCEL, G 0«05 O« 44 4y 061 =0e27 Oe«v ~Ue74
STERN ACCELs G =004 0«24 40 0«17 0.3 Ue 3J -0e56
RUN NO 212 VELOCILlY 350 KNOTS FLAP DEFLECIION 560 0EG

NUMBEK OF WAVE ENCUUNTEKRS 30

MENAN ks 080 AVEIRAGE 1/3 HIGHEST
PITCH» DEG 2e8Y le86 23 4¢ 70 0s 44 Se¥y2 116
HEAVES F1 e 29 N.49 10 .97 w67 a0 240
BOW ACCEL» G 0.03 0«04 46 1« 0y “Ue 42 170 “Le97
CG ACCEL. G 0.05 0«39y 41 0«06 =034 Oeul ~0e69
STERN ACCELs G -0.04 0.20 49 0«17 =027 Qe 36 =046
RUN NU 214 VELOCLTY 350 KNUOTS FLAP DUFLECTLEN  Ted DLEG

NUMBEK OF LAVE ENCOUNIExS 30

MleAN RMS @S¢ AVERACE 1738 HIGHL ST
PITCH. DEC ley legy 29 3e 41 O 35 4¢35 -le14
HEAVEJ FT 3e14 0036 21 Je HY 2ol Se Y <o 37
Bow ACCELS G 0.01 0«58 47 0.0 =048 les ~Uev2
CG ACCEL.» G 0.04 0.32 40 0. 30 -Ue 30 Qe Y -UedY
STERN nCCELs C -0.02 Qe 1l 86 Ue 18 U4 Ue 34 =0+ 36
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TABLE 12

SEAKEEPING STATISTICS FOR CONFIGURATION S-3
SIGNIFICANT HEIGHT = 2.2 FT  DISPLACEMENT = 55,000 LB

WITHOUT CHINE FLAPS  BOW RAMP EXTENDED LCG = 12.5 FT

=

e TR T e e

3 KUN NO 453 VELGCLTY 15.0 KNOTS  FLAP DEFLECTIUN 0.0 DEG

¢ NUMBEK OF WAVE ENCOUNIEKS 133

. MEAN KMS 05U AVE KA GE AT IT e
P1TCH> DEG  17.91 164 74 19:70 1587  21.06  14e47
HEAVES» FT 0. 3% 0.35 56 0e3  =0s0Y s 1 -0.82
BBW ACCELs G  ~0.06 g.23 B3 G2 =0sus 053 =04y
86 BEEhL & EW0:06 0.11 41 OR 16 =027 Oeze =034
STEKN ACCELs G =004 0.08 16 0els  -0.21 0.21 =0.26
KUN NO 451 VELBCITY 15.0 KNYTS  FLAP DEFLECTION 50 OEG

NUMBEKR OF WAVE LENCOUNTERS 102

MEAN KMS OS50 AVERACLE 175 HIGHEST
PITCH, vEG 15419 159 77 16497 13022 18« 1.5 12.01
HEAVE, FT 026 033 99 Ue 069 -0.17 0e26 -0.41
BOwW ACCEL>s G -0.05 0.22 o2 0. 30 =0« 35 0. 40 =Us 49
CG ACCEL., G =0.06 Ues10 34 Oely =02y 0«1 =035
STERN ACCEL, G -0.03 Jd. 0y 2< 0«17 =0.2 Oe 20 =Ce2T
RUN NO 4595 VELJCITY 150 ANJTS FLAP DEFLECIIUN 10.0 DRG

NUMBER OF VAVE ENCOUNIEKS YD

AN K1 QLU AVE RAGE 178 HIGHL DY

2 T, DEG 12.07 1«71 74 1 4s AL 067 15:5¢ 901

HEAVE, FT Ueld Je 33 93 Qe 56 = 0. 32 Qe “UebY

BOW ACCELS G -0.04 021 BU 0. 32 -0 34 Os oy -Us 46

CG ACCEL. G a4 Qe 10 4V Qe 17 -0e23 Uee -Jecy

STERN ACCEL», G (e 0«10 2 Jec2u -Ue |V Oedd “Qe&d

RUN N 425 VELOCILY 200 (NJTS FLAP DeFbhoectiloNy  DeU JEG

NUMBsER JF wAVEe SNLodN lEno 132

: AN WS Jol NVENAGLE 173 mloAbsld
} PITCH» UG 1472 e} 101 1699 lecel2 ltie <02 10«61 !

B HEAVE s FT 2e¢10 O« 42 34 2e G4 leou Se il 133

d’-".'.' AGU"I]_J G -(!.OJJ Oo ZI() 13"‘ Oo 3‘) “Uon’lb loul '()o(b'}
1 CG AulLls G - Ue )4 el 93 Ue 226 “Ue 34 Je 2J -Ued4d i

STKRN ACUELs G -0 04 e 13 63 Ue 2l -Jeld Ue 3¢ -Ue 3z
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TABLE 12.2

WITHOUT CHINE FLAPS  BOW RAMP EXTENDED LCG = 12.5 FT

KUN NGO 429 VELOCITY 20.0 ANUOT» FLAP pDuelLECTLON  Te0 OEG

NUMBEK OF WAVE eENCOUNTERS 133

pcounadil & SRS i s B L

EAN MY OsC AVERAGL 173 HLGHEST

PITCH» DEG 1353 1495 ) 15645 10«9y 1713 Ve 67
HEAVE, FT 2o Q2 040 H1 2e 56 1582 ety 1o 2
E 5OV ACCEL s G -0.04 0.33 133 057 -0 47 Uevl -0.69
= CG ACCEL» G -0.03 Us 13 100 Ve2b -Ue 32 Ve 30 -(e 43
STERN ACCEL, 6 -0.03 0.13 70 Qo222 Qe Ce 39 =ue 30

KUN N7 431 VIELWCI LY 2040 ANOTS FLAP DEFLECIIUN 100 DEG

NUMBER OF WAVE =NCYUNTERS 13%

SMHICAN KMS 950 NAVERAGE 175 HIGHEST
PITCH, DEG 1200 33 le84 103 L4e 4y 1004 107 Bed4
HEAVE, FT 1eYs Us 3 &l 2 349 e 4l 2o by 1. UY
8oy NCCEL<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>